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PREFACE. 



This volume has been written mainly oh the hnes of the recast 
Syllabus recently issued by the Science Department, South 
Kensington. It is intended not only to meet the requirements 
of the examinations held by that Department, but to serve as 
an elementary introduction to Science.* It supplies such a 
knowledge of the facts and laws of Nature as is implied in the 
expressive term Physische Erdkunde — an acquaintance with 
the physical phenomena of the earth. 

The treatment is somewhat fuller than that adopted in some 
elementary books, as I believe that a meagre account, with a 
single figure, of such a subject as Volcanoes, for example, only 
leads to inaccurate and confused ideas. Numerous illustra- 
tions and maps have been introduced, as an aid both to the 
understanding and memory. Some of these have been drawn 
expressly for the book, while others have been derived from 
be, Rutley's * Study of Rocks ' ; Helmholtz's * Scientific Lectures ' \ 

Thorpe and Muir's * Qualitative Analysis ' ; Peschel and 
Leipoldt's * Physische Erdkunde ' ; Houghton's * Lectures on 
Physical Geography ' ; Ganot's * Physics ' ; Jago's * Chemistry ' ; 
Reynolds's * Chemistry'; * Challenger Report,' vol. i.; Chis- 
^ holm's * Geography ' ; Treglohan's * Magnetism ' ; Ball's * As- 

^' tronomy'; Brinkley's * Astronomy'; Proctor's * Seasons.' The 

? various instruments and apparatus regarded as indispens- 

'*, able by the Science Department, as well as others that are 
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necessary for effective teaching, have been carefully described. 
The teacher is advised to make his lessons as much experi- 
mental as possible. Specimens of the various rocks and 
minerals may be obtained from several London dealers, 
and the pupils will readily gather a number of the commoner 
ones for themselves. 

For some information on the Ordnance Survey and its maps 
I am indebted to Lieutenant-Colonel T. P. White, R.E., 
Executive Officer of the Survey. 

Among the books consulted in the preparation of this work 
may be mentioned : Ganot's * Ph3^ics ' ; Professor Ball's * Ele- 
ments of Astronomy ' ; Dr. A. Geikie's ' Text-Book of Geology '; 
the treatises on * Physical Geology' by Professor Prestwich 
and Professor Green ; ' Histoire Naturelle des Pierres et des 
Terrains,' by Meunier ; ' Volcanoes,' by Professor Judd ; 
' Elementary Meteorology,' by R. H. Scott ; and the two volumes 
of the * Challenger Reports,' entitled * Narrative of the Cruise, 
with a General Account of the Scientific Results of the Ex - 
pedition.' Other obligations are acknowledged in the pages 
of the book. 

In conclusion, I beg to express my thanks to two or three 
friends for some assistance in reading over the proof-sheets. 

JOHN THORNTON 
Albert Place, Bolton : 

February 1888. 
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ELEMENTARY PHYSIOGRAPHY. 



INTRODUCTION. 

1. Physiography (Gr. phusis^ nature ; and grapho^ I write), 
according to its derivation, is a Description of Nature. The 
word Nature is used in several meanings, but in this connection 
it may be taken to stand for the general system of created 
things, including their constitution and properties. All the 
objects and facts belonging to this material world on which we 
live, as well as the objects and facts belonging to the other 
worlds that occupy space, are included in the word * Nature.' 
Hence we may say that the word * Nature ' stands for the world 
and all upon it, or even for the universe. The sun, moon, and 
stars ; the sky, the clouds, and the wind ; the sea, the shore, 
and the rocks ; the mountains, plains and valleys, plants and 
animals, are all comprised in the term * Nature ' or * Natural 
Objects.' Even what are called Artificial Objects are only 
natural things shaped and altered by the art of man. 

2. By the use of our senses and by the action of our mind 
we learn what the different objects of the world are, and what 
are the different properties or qualities that these objects possess. 
In this way we arrive at ideas of cause and effect ; for we say 
that such an object is the cause of the sensation or effect that 
we observe. The fall of a stone when unsupported, and the 
formation of a cloud in the air, are effects, and it is our aim to 
find out the cause or reason of these phenomena, (The Greek 
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2 Elementary Physiography 

^ox^ phenomenon^ ^luxdl phenomena, is used to signify appear- 
ance, object, or occurrence.) We have all a tendency to 
seek after causes, and when we have discovered the cause or 
reason of any frequently occurring phenomena we are said to 
have explained them. This explanation or statement of the 
general cause of certain effects is often called a Law of Nature. 
Thus it is a law of nature that an unsupported body falls to 
the ground ; it is a law of nature that at the ordinary summer 
temperature of the air water is a liquid, but that when the 
temperature falls below a certain point it becomes a solid. 
Accurate and systematic knowledge of the various laws of nature 
forms what is called Science ; and this is acquired by careful 
observation, experiment, and reasoning. 

3. Now the study of nature is a very wide and extensive 
study, and although all knowledge is connected, yet for the sake 
of convenience it is divided into various branches or depart- 
ments. Among these branches or sciences we have physics, 
astronomy, chemistry, geology, and biology. The physical 
sciences are often spoken of under the term Natural Philosophy, 
and embrace mechanics, which treats of force and motion, and 
the sciences of heat, light, electricity, and magnetism. Astro- 
nomy is the science which treats of the heavenly bodies, and 
among other things gives an account of the earth as a member 
of the solar system ; chemistry deals with the composition of 
substances and the combinations of different kinds of matter ; 
geology furnishes information regarding the arrangement and 
history of the materials forming the crijst of the earth ; while 
biology or natural history gives an account of the phenomena 
of life both vegetable and animal, the account of vegetable life 
constituting the science of botany, and the account of animal 
life being called zoology. 

It is plainly impossible to give in one small book anything 
like a complete account of these different sciences. But we 
can endeavour to learn some of the most important facts and 
laws from those that come under our daily notice. Such a 
rudimentary course of instruction in science, such a general 
description and explanation of common natural phenomena, is 
what is meant by Elementary Physiography. 



Properties of Matter 



CHAPTER I. 

MATTER AND ITS PROPERTIES. 

4. Matter. — Matter is the name given to anything that can 
affect any of our senses, to anything that possesses weight, to 
anything that can receive or communicate motion. The stones, 
soil, and grass on which we walk, the water or other liquid that 
we drink, the gas we burn, and the air we breathe, are all forms 
of matter or material things. Although we cannot see the air, 
we can feel it, and it often exerts so much force when in motion 
that it carries away or blows down the visible objects before 
our eyes. The words thing, object, body, substance, are some- 
times used instead of the word matter. 

5. Every material object possesses certain qualities or properties. We 
learn these properties by the use of our senses, the senses being sometimes 
assisted by suitable instruments. If we take up a pebble from the bed of a 
stream or from the sea-shore and examine it, we find that it is grey (or 
some other colour), that it is of a certain, size, that it is round, that it is 
hard, that it will not bum, and that it will break into pieces. We then say 
that it possesses the properties of roundness, hardness, incombustibility, 
divisibility, &c. Now examine in the same way a piece of bread. It takes 
up space like the pebble, and wi^ break into pieces, but it is soft, it will 
burn, and it is full of little visible holes or pores. Hence we see that 
hardness, whiteness, combustibility, &c., do not belong to all kinds of 
matter, but only to some kinds. We call these properties specific properties, 
but those qualities which belong to all matter are called general properties 
of matter. General psoperties, then, are those which are common to all 
bodies, whether in the solid, liquid, or gaseous state. The most important 
of these general properties of matter are Extension, Impenetrability, 
Divisibility, Porosity, Inertia, and Weight. 

6. Extension is the property which matter possesses of occupying 
space. It means that an object has size and shape ; that it possesses length, 
breadth, and thickness. 

7. Impenetrability is that quality of matter in virtue of which it takes 
up room to the exclusion of other matter. It means that two bodies cannot 
take up the same space at the same time. Strictly speaking, this property 
only applies to the molecules or smallest particles of bodies. 

8. Divisibility means that all bodies can be divided into smaller parts. 
We can break a stone into pieces, and then crush these pieces into powder. 
Gold is so malleable that it can be beaten out into leaves so thin that it 
takes 3CX),oc)0 to produce the thickness of an inch. A lump of sugar may 
be dissolved in a gallon of water, and yet a portion of it exists in every 
drop. The microscope teaches us that chalk is made up of very small 
shells, and that each of these shells is built up of minute particles which 
the chemist calls calcium carbonate. Notwithstanding this extreme divisi- 
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4 Elementary Physiography 

bility we believe that there is a limit to this property. When we come to 
consider chemical action we shall see that there is reason to believe that 
all the elementary bodies are composed of extremely minute indivisible 
parts called atoms^ and the term molecule is given to the smallest cluster of 
atoms composing any substance which can exist by itself. 

9. Porosity. — Many bodies, like bread, pumice-stone, coral, sponge, 
cork, &c. , have visible spaces or intervals between the particles of which 
they consist. These spaces or interstices are called pores. Sometimes 
the pores can be seen with the unassisted eye, as in the above ; at other 
times the aid of a microscope is needed, or some experiment must be 
made to prove that pores exist in a body. If a piece of chalk be thrown 
into water, air bubbles rise to the surface, the air being driven out of the 
pores by the water absorbed. And since all bodies are compressible, 
that is, can be made to diminish in volume, and since contraction or ex- 
pansion results from variations of temperature, it is believed that there 
are vacant spaces between the constituent molecules of all matter. In the 
chapter on Heat we shall learn that the volume of bodies can be more easily 

diminished by cool- 
ing than by pressure. 
Gases are the most 
compressible bodies, 
solids the next, and 
liquids the least 
compressible. This 
property of porosity 
is made use of in 
Fig. I.— Mode of folding a Filter Paper. ^j^g process called 

filtration. This consists in separating from liquids the various solid par- 
ticles which they hold in suspension. These particles are too large to pass 
through the pores of the filter, which is usually constructed of layers of sand, 
compressed charcoal, unsized paper, &c. Deep well water is clear because 
it has been filtered through layers of earth. 

10. Experiments on Filtration and Evaporation. — Take up a glass 
of turbid water from a stream or well and let it stand for a time ; we find 
that some of the muddy particles settle as a sediment on the bottom of the 
glass. The clearer water can then be poured off, or decanted^ as it is 
called. But this method of decantation does not often render the liquid 
quite clear, for some of the lighter solid particles still remain suspended in 
the water. Now take a flower-pot, and into the hole at the bottom place 
a piece of cork through which a small piece of glass tubing just passes. 
After placing a small piece of sponge on the inside over the tube, put in a 
layer of small pebbles, and then half fill the pot with clean white sand. 
Now take up some muddy water and pour it on the sand. In passing 
through the pores between the particles of sand the suspended mud gets 
separated, and the water runs out clear. If we could fit a piece of chalk 
or sandstone tightly into the flower-pot, water might be filtered through it. 

But the chemist usually filters in the following way. He takes a 
circular piece of unsized filter-paper, and, after folding it twice, opens it 
out into a cone, so that three folds of paper are on one side and one on the 
other. He then places it into a glass funnel, and pours the liquid on the filter 
down a glass rod. In this way all the solid particles in suspension are re- 
moved and left behind on the filter-paper, and the liquid runs through the 
pores of the paper and comes out clear. This clear liquid is called ^t filtrate. 
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II. Evaporation,— It must be carefully noted that the process of 
tillcation only removes the solid particles held suspended in the liquid. If 
the water hold any substance in solution, this is not removed by filtering. 
Take some sand and common salt, or powdered chalk and salt, and stir up 
in a glass of water. The salt dissolves, and the sand or the chalk does 
not dissolve. On filtering, we can remove the sand or the chalk which 
will be left on the titter-paper, but 
the clear liquid that runs through 
^tiU tastes salt. To separate the 
salt from the water we must pour 
the liquid into a small china basin 
such as the chemist uses, and apply 
heal. The water will be driven 
off as steam, and the salt will re- 
behintl in the basin. In 




way we have learnt (i) that the solid particles held in suspension in 
water may he partly removed by letting the water stand still, so that the 
heavier particles may settle as a sediment ; (a) that all the suspended 
matter may be removed by careful filtration ; (3) that the matter dissolved 
in the water cannot be removed by filtration, bat that it may be recovered 
by evaporation. 

12. Inertia (I..at. iners, inactive), or vis inertia, is the name 
given to that negative quality of matter whereby it is incapable 
of changing its State of rest or motion ; of itself it cannot either 
begin to move, or change either the speed or the liirection of 
its motion if it has any. The body of course is understood to 
be lifeless. This property is sometimes spoken of as Newton's 
first law of motion, or the law of inertia. It may be stated 
thus :— 
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move in a straight line with uniform speed.' Our daily observation shows 
us that when anything is at rest it does not begin to move of itself. Some- 
times a body in falling down appears to move of itself. This is not so ; 
for, as we shall presently see, it is acted on by a force called gravity, A 
little consideration, too, will enable us to see it will continue to move 
uniformly unless acted upon by some external force. A cricket ball sent 
rolling along the grass soon comes to rest, on account of the resistance it 
meets with in passing through the air and over the uneven surface. Send 
it along a smooth sheet of ice and it goes further still, and keeps the same 
direction unless turned aside by some obstacle. Replace the cricket ball 
by a smooth ball of ivory of the same weight, and it goes still further, 
because the resistance of friction is less. The more we diminish the 
resistance, the longer and further does the ball travel in the same direction ; 
and thus we may conclude that if all resistance were removed, the motion 
would continue in the same direction for ever. Bodies are said to be at 
rest when they constantly keep the same position in space ; they are said 
to be in motion when they are undergoing a change of position. But no 
body is absolutely at rest. The earth' and its atmosphere together form 
one body, and it is at the same time turning on its axis and moving round 
the sun. Thus all bodies on the earth may be said to be in motion. But 
when bodies are said to be at rest, it is usually meant that they maintain 
the same position in relation to the other objects on the earth's surface. 
In this sense a house or a tree is at rest, while a moving cricket ball or a 
galloping horse is in motion. 

Illustrations of Inertia, — If a man be riding in a carriage which 
suddenly stops, he is thrown forwards, because he continues in his state of 
motion after the carriage itself has stopped. If he be on horseback and 
the horse start off suddenly, the man falls backwards, because of the 
tendency to preserve his state of rest. A horseman on suddenly turning a 
comer leans towards the comer, in order to prevent being thrown off in 
the direction of his previous motion. If we wish to jump over a small 
brook we take a run, that the onward motion of our bodies may be added 
to the muscular effort that we make at the moment of jumping. 

13. Weight. — The last of the general properties mentioned was weight. 

Although we speak of heavy bodies and light bodies, yet the difference 
is only one of degree. All bodies have weight, but some have much more 
than others when we compare them bulk for bulk. A piece of iron is 
much heavier than a piece of wood of the same size. Gases like the air 
have weight. A hollow glass globe holding a cubic foot weighs nearly an 
ounce and a quarter more when it is full of air than it does when exhausted 
of air. Now the weight of a body is only the result of the earth's attrac- 
tion on the particles of the body. There is an invisible force which the 
earth exerts on all bodies, by which it attracts or draws them towards 
itself. This attraction, called gravity, gives rise to the weight of a body 
which is supported, and to the fall of a body which is unsupported ; and 
we call this attraction the attraction of gravitation (Lat. gravitas, weight). 
Hence we see that the weight of a body is its downward pressure caused 
by the force of gravity. 

Until the time of Newton this property of gravitation was only con- 
sidered as belonging to the earth. But he extended the idea, and showed 
that not only did the earth attract bodies towards its centre, but each body 
exerted a pull on the earth. Further, Newton showed that all bodies in the 
universe attract one another ; the earth attracts the sun and the moon, and 
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the sun and the moon attract the earth. Hence it was found that every 
particle of matter in the universe attracts every other particle, and thus 
gravitation was shown to be universal. We will now proceed to discuss 
this force more particularly, and to state the laws of its action. 



CHAPTER II. 

GRAVITATION AND SPECIFIC GRAVITY— COHESION 

AND CHEMICAL AFFINITY, 

14. Gravitation. — In order to understand the laws of gra- 
vitation it is necessary to get clear ideas of some of the terms 
used in stating the laws. Hence we proceed to make a few 
definitions. 

Force is any cause which changes or tends to change a body's state of 
rest or motion. It is measured by the number of units of force (one pound) 
that it will sustain. Forces may be represented in magnitude and direction 
by straight lines. Force has a twofold nature, being always the mutual 
action of two bodies against one another, and the amount of the force is 
exactly equal to the amount of resistance. We therefore say that action 
and reaction are equal and opposite. 

Density means the closeness with which the particles of a body are 
packed together. As the density depends on the weight of the molecules 
composing a body, and on the compactness or closeness of these molecules, 
the specific gravity is in proportion to the density, and may be taken as a 
measure of the density. 

Volume or magnitude is the amount of space occupied by a body. 

Mass is the quantity of matter contained in a body, and varies as the 
product of the volume and density of a body. 

15. We have seen that gravitation is universal, that is, that 
every particle of matter in the universe attracts every other 
particle. Let us confine our attention to the mutual attraction 
of the earth and the bodies on or near its surface. This is 
sometimes called terrestrial gravity, or simply gravity ; the term 
gravitation being applied to thq attraction exerted between the 
heavenly bodies. It is a particular case of universal attraction. 

16. If every particle attract every other particle, why do we not see two 
suspended balls come together ? The reason is that the attractive force of 
the earth on the balls is so very great compared with that of the balls on 
each other, that this latter is not perceptible. But if only these two balls 
existed in the universe they would begin to approach one another, and 
would finally meet. This leads us to the first part of the law of gravitation 

— TTie force of gravitaiion varies directly according to the product of two 
masses. This is plain ; for if every particle exert its attractive influence, 
the more particles a body contains the greater will be the attraction. A 
body which contains twice as much matter as another is attracted or drawn 
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towards the centre of the earth with twice the force^lhat is, it will have 
twice the weight of the other ; if its mass be five times as great, then it 
will be attracted with five times the force, that is, it wilt have live times 
the weight of the other. Hence we see how it is that the earlh exerts such 
an overwhelming attractive force as to draw all bodies towards its centre, 
its mass being so very great compared with that of any single body on its 
surface. If the mass of the eailh were only half what it is, its attractive 
force would only be half as great ; on the other hand, if the mass of the 
earth were twice what it is, then the attraction of gravitation at its surface 
would be twice as great. It may be said that such things as smoke, 
vapour, and balloons filled with light gas ascend. They do this simply 
because they are lighter, bulk for ^Ik, than air, and therefore the earth 
attracts the ail with greater force than it attracts the lighter bodies, and 
the heavier air pushes them up until they reach a layer of air of the same 
density as themselves. For the same reason a piece of cork, when held 
under water and then released, rises to the top. 

17. The second part of the law of gravitation teaches us that the force 
of gravity varies invtrseiy as Iht square of the disiatKi. This means that 
if for an^ two bodies the distance be doubled, the attraction between them 

. is diminished four times ; if the distance be trebled, the force of attraction 
is diminished nine times; if the distance be increased ten times, the force 
of attraction is diminished one hundred times; and so on. 
2' = 4, and inverts!; 3'-9, and invert — l; 

18. Since the attractive force of the earth must be calculated from its 
centre, and since the equatorial diameter of the earth is greater (ban the 
polar diameter, the force of gravity at the poles must be greater than at 
the equator, bodies there being at a less distance from the centre. 

Thus, in the figure, O E is greater than O C, and still greater 
than O P. There is also another reason why the attractive 




force is greater at the poles. The rotation of the earth on its 
axis gives rise to a centrifugal force which tends to drive bodies 
off its surface. Now this centrifugal force decreases as we get 
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nearer the poles, the velocity there being less. Hence the 
weight of a body increases as we pass from the equator to the 
poles. This increase could not be detected by an ordinary 
balance, for gravity would act in the same way on both the 
weights and the body to be weighed. It can be detected by a 
delicate spring balance, called a dynamometer^ for the given 
mass would cause the spring to move through a greater 
distance at the poles than at the equator. 

19. The direction taken by a body falling freely towards the earth is 
called the vertical^ and the vertical lines at different points of the earth's 
surface when prolonged meet at the centre (s^e fig. 4). 
But, owing to the great distance of the surface from the 
centre, these verticals may be considered parallel for 
points situated close together as at a and b But the 
further the points are apart the more do the lines depart 
from being parallel, till, as the earth is spherical, at 
points exactly opposite the two lines are in inverted posi- 
tions. Places on the surface of the earth diametrically 
opposite each other are called antipodes (Gr. anti^ 
against ; and pous^ podos, foot). A mason finds the 
vertical line by letting a plumb-line or plummet (which is 
only a cylindrical weight fastened to a string) come . to 
rest under the action of gravity. The surface at right 
angles to the vertical is said to be horizontal. The surface 
of still water is horizontal. 




20. We may now state the law of gravitation 
as follows : — * Every particle of matter in the Fig. 5. 
universe attracts every other particle with a force ynamometer. 
whose direction is that of the line joining the two^ and whose 
magnitude is directly as the product of their masses^ and inversely 
as the square of their distance from each other,^ Thus if the 
mass of one body be six times a certain unit, and the other 
body nine times, the whole attraction would be represented 
by 6 X 9 = 54 ; but if the distance were increased three times, 

the attraction would then be represented by — ^p = 6. 

21. All bodies fall in a vacuum with equal velocity. This must be so 
according to the law just stated, for if gravity pulls at a ten-pound weight 
with ten times the force that it pulls at a one-pound weight, yet it has ten 
times as much matter to move. It was at one time thought that a ten- 
pound weight would fall to the ground ten times as fast as a one-pound 
weight, that two bricks fastened together would fall twice as fast as one of 
the same size. But the Italian philosopher Galileo took bodies of different 
weight and of about the same density to the top of the tower of Pisa, and 
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showed that they reached (he ground at the same time as nearly as possible 
when let fall together. It is true that if we take a feather and a sovereign 

iand let them fail from a height tc^ether, the 
sovereign reaches the ground first. But this is 
due to the ^eater resbtance of the air on the 
feather, for it is much larger than the coin com- 
pared with its weight. If, however, we take a 
tall jar and exhaust the air by means of an air- 
pump, and then contrive to drop the coin and 
Che feather from the top of the jar at the same 
time, they will reach the bottom at the same 

22. Bpeoifl<)_ Gravity, — Specific gravity 
means comparative weight. We often speak of 
bodies as heavy and Hgkt. Thus we say that 
iron is a heavier substance than cork. Here 
there is evidently some comparison implied, for 
we do not mean that a small iron ring is heavier 
than a large strip of cork. We mean that 
taking them bulk for bulk, that is, comparing 
pieces of equal size or volume, iron is heavier 
than cork. Now it is convenient to have some 
substance as a standard or measure with which 
others may be compared, and the most con- 
venient substance to take as a standard is pure 
water. This can be obtained by distillation, 
that is, by boiling the water and then collect- 
ing and condensing the vapour by cooling. 
Here is the apparatus for obtaining pure dis- 
tilled water (fig. 7). A is a stoppetal retort, 
Che neck of which passes into a Liebig's con- 
denser B. This consists of an inner Cube of 
glass g, passing watertight through an outer 
my tube or jacket /. The lower end of the inner 
1 of lube g passes into a glass receiver C. Water 
^"''"^' is placed in the retort A and a lamp applied. 

After a time the water boils vigorously, and the steam passes into the inner 
lube ^ of the apparatus of Liebig. Here it is condensed by a stream of 
cold water that enters the outer tube of the condenser at the funnel/ This 
stream cannot mix wich the condensed steam, but is carried away by the 
tube / placed at the upper part of the condenser. The condensed steam 
or distilled water drops down and is collected in Che receiver C, artd (he 
water thus obtained is chemically pure, all the dissolved matter being left 
behind in the retort. The distillation should be discontinued when the 
water in the retort has been reduced to about one-fifthits original bulk. The 
pure water thus obtained is a colourless, inodorous, insipid liquid. When 
pure water, however, is seen in large masses it has a faint bluish colour. 

The water, too, must be taken at a certain temperature in order that a 
given volume may always have a certain weight ; for, as we shall soon 
learn, the bulk or volume varies when the Cemperature changes. Having 
thus agreed to take pure distilled water at 39° F. as the standard substance, 
we call a certain volume of this water unity, and compare the weights of 
other substances with the weight of an equal bulk of such water. 
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We can then define specific gravity as follows : — 
The specific gravity of a substance is the number which 
expresses the weight of a certain volume of the substance compared 




with the weight of an equal volume of distilled water. Thus 
when we say that the sp, gr. of lead is ii, that of diamond 
3'S, and that of cork -24, we mean that lead is eleven times, that 
diamond is three and a half times, and cork only about one- 
fourth as heavy as water (comparing equal bulks). 

23. The ibllowing table gives the specific gravities or densities of a. few 
of the most impoitani substajices : i, solids ; z, liquids :— ~ 
Specific Graviliis of Solid!. 



Platinum 


, 22 '07 


Marble . 




3 -So 


Gold . 


■ «9'35 






2-68 


Lead . 


■ II-3S 


Rock-crystal . 




2«S 


Silver . 


. 10-50 


Salt . 




2-13 


Copper 
Iron . 


: -X 


Coal . 
Ice . 




I -SI 

■93 




■ 4-43 


White tlr . 




■57 


Diamond 


. 3-50 1 Cork . 




■24 




SpiHfic GrmdlUs of Liquids. 




. 13-60 


Distilled water at 39" F. i-oo 


Bromine 


. . 2-96 


Distilled water at 32° F. 0-99 


Sulphuric ac 


d . . 1-84 


OUveoil . . . ■9t 


Milk . 


■ 1-03 


Alcohol . . . -So 


Sea water 




Ether . 




72 
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i,ooo ounces. Thus we see from the table that a cubic foot of copper will 
weigh 8,9CX) ounces, a cubic foot of marble 2,800 ounces, but a cubic foot 
of ice only 930 ounces. Sea water, however, is bulk for bulk heavier than 
ordinary water, for a cubic foot of sea water weighs 1,020 ounces. 

24. Cohesion and Chemical Affinity. — The attraction of 
gravitation, which we have been considering, is the force which, 
acting at any distance, binds the larger masses of the universe 
into worlds, keeps the earth in its orbit round the sun, draws all 
the various objects towards its centre so that they remain on its 
surface, and brings together but does not bind the different 
particles or molecules of a body. Now there are two other 
permanent forces acting on matter, called cohesion and chemical 
affinity. 

25. Cohesion is an attractive force, but it is only exercised between 
similar molecules of matter, and at insensible distances. Cohesion binds 
molecules of the same substance together so as to form masses, and it is on 
account of this force that bodies keep their shape and resist being broken. 
Were it not for the force of cohesion everything would be reduced to ex- 
tremely fine powder. The force of cohesion is greatest in solids ; it is 
only weak in liquids, though sufficient to keep the small masses called 
drops in a globular form : in gases it does not exist at all, as their particles 
tend to spread in all directions. In solids the force of cohesion varies 
greatly, as we learn when we try to break them. It is very strong in a 
piece of iron, weaker in a piece of wood, and still weaker in a piece ot 
salt. 

* 

26. Chemical affinity is an attractive force which, like cohesion, only 
acts at insensible distances, but unlike cohesion it is exerted between dis- 
similar particles. Chemical affinity is the force which binds together the 
particles of different substances, so as to form an entirely new substance 
with different properties. A chemical change is always a change, of com- 
position. It is the business of the chemist to examine the various substances 
he finds, with a view of resolving them into their ultimate elements. From 
this examination we learn that all bodies are made up out of sixty-five 
elements, an element being a substance which cannot be split up into two 
or more different substances. The numerous different substances in the 
world are produced from the union of these elements in various ways, just 
as the thousands of different words in our language are formed by uniting 
in various ways the twenty-six letters of the alphabet. It is the force of 
chemical affinity which unites these elements so that new substances are 
produced ; and the more dissimilar the elements, the more readily do they 
unite as a rule. 

27. Atoms and Molecnles. — An atom is the smallest particle of an 
element that can enter into chemical combination or be driven out of a 
compound. A molecule is the least portion of any substance, whether 
simple or compound, that can exist in a free state and possess all the pro- 
perties of that substance. A molecule of a compound must contain at 
least two atoms, and it often contains more. The atoms of the elements 
can never be destroyed. They may enter into new combinations, but even 
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when they form invisible gases they still exist as matter. Matter is there- 
fore said to be indestructible. 

A piece of white sandstone consists of innumerable grains of san^ com- 
pacted and cemented together, the particles of the mass being held together 
by the force of cohesion. Each grain of sand consists of numerous minute 
molecules of a substance called silica, also bound together by the force of 
cohesion ; and each molecule of silica contains two elements, being com- 
posed of two atoms of the element oxygen, and one atom of the element 
silicon, bound together by the force of chemical affinity. 

In a piece of common salt the force of cohesion is much less, as the 
piece can be so easily broken. Each smallest particle or molecule of salt 
is formed by the union of the two elements sodium and chlorine, one atom 
of sodium being chemically combined with one atom of chlorine. 

Hence we see that gravitation binds together the larger masses of the 
universe, and that terrestrial gravity, which is only a particular case of 
universal gravitation, tends to draw all substances towards the centre of 
the earth ; that cohesion holds together the molecules of the same substance 
so as to give things their form and consistency ; and that chemical affinity 
unites the atoms of different elements so as to produce new substances. 
Gravitation acts at all distances ; cohesion and chemical' affinity only when 
the particles are in close contact. 

28. Adhesion is the name given to that force which causes the surfaces 
of two different bodies to stick together. Unlike cohesion, it can act 
between dissimilar bodies. Two smooth plates of glass, or a smooth plate 
of glass and one of brass, on being brought into close contact, adhere with 
considerable force. 

29. Solids, Liquids, Oases. — All the substances in nature 
exist in one or other of these conditions, and many substances 
present themselves at different times under all these three 
forms. Thus it is one and the same substance which is known 
to us under the names of ice, water, and steam ; for ice, water, 
and steam have the same chemical composition, each molecule 
consisting of two atoms of the gas hydrogen united to one atom 
of the gas oxygen. The element mercury (quicksilver), which 
is usually a liquid, can be frozen by great cold, and can be 
turned into vapour at a high temperature. 

Wood, silver, stone, &c., are solid bodies; water, mercury, oil, &c., 
are liquid bodies ; and oxygen, air, &c. , are gaseous or aeriform bodies. 
Liquids and gases are both termed fluids. The word vapour is generally 
applied to those gases which are obtained from bodies that are liquid at the 
ordinary temperature. 

These three states in which bodies occur are called their staies of aggre- 
gation. 

Solid bodies have a definite shape, and occupy a definite volume, ue, 
take up a definite amount of space. Liquid bodies have no definite shape, 
though they occupy a definite volume. They take the shape of any vessel 
into which they are poured. Gaseous or aeriform bodies have neither 
definite shape nor definite volume. 
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In solids the force of cohesion is strong. Solid bodies are sometimes 
called rigid bodies, because their particles keep the same position, and 
because they resist change of form. In liquids the cohesion is only slight, 
and the particles move easily among themselves. The globular form taken 
by drops of water is due to the cohesion among the molecules of the liquid, 
and the small particles in the thin film of a soap bubble are held together 
by the force of cohesion. In some liquids, such as alcohol and ether, the 
particles move over one another more freely. Such a liquid is called a 
mobile liquid. In other liquids, such as treacle, glycerine, and melted 
glue, the force of cohesion is greater than in water, and they move along 
a surface more slowly than water. Such a liquid is called a viscous 
liquid. 

Between the molecules of gases there is no cohesion at all, for the par- 
ticles repel each other and spread themselves out in all directions, so that 
any quantity of gas, however small, spreads itself out so as to fill any 

space. 

By the application of heat the cohesion of solid bodies is so far de- 
stroyed that the liquid state is assumed ; and a further application of heat 
destroys the cohesion altogether, so that the molecules are driven still 
further apart, and the gaseous state is assumed. Hence heat is sometimes 
spoken of as a repulsive power, opposite in character to that of cohesion. 

It must be remembered that a gas or vapour occupies a very much 
larger space than the liquid from which it was derived. One cubic inch 
of water, on being heated to boiling, yields 1,700 cubic inches of water 
vapour at 212° F. (100° C). (See section on Heat.) 

30. Solntion and Crystallisation. — Some solid substances, such as 
salt, saltpetre (nitre), alum, &c., when put into a liquid such as water, be- 
come liquid themselves, and their particles are so minutely divided as to be 
altogether invisible, even under the microscope. The substance is then 
said to dissolve. The solubility of solid substances varies very much. 
Some will not dissolve at all in water, some dissolve very slightly, and 
others dissolve in considerable quantity. As a general rule, the hotter the 
water, the more of a substance can it dissolve. Some gases, too, such as car- 
bonic acid, are soluble in water, and such water may then dissolve sub- 
stances that are not soluble in pure water. When a quantity of a liquid 
has dissolved as much of a substance as it can at a certain temperature the 
liquid is said to be saturated^ and the solution is called a saturated solution. 
As hot water will dissolve much more of a solid substance than cold 
water, on cooling a hot saturated solution some of the solid crystallises 
out. But we may always recover the solid dissolved by evaporating the 
solution. In most cases the solid will then assume a definite geometrical 
form, called a crystal. The molecules seem to possess a power of arranging 
themselves in regular and symmetrical order, so that definite geometrical 
shapes, such as cubes, prisms, pyramids, &c., are formed. As each sub- 
stance has usually its own peculiar form, many substances can be at once 
distinguished by the shape of their crystals. Not only do crystals form 
from liquid solutions, but solid bodies, such as sulphur, bismuth, and many 
other minerals which have been melted or fused, form crystals when 
allowed to cool gradually. 

Many hard rocks are seen to be composed of little crystals, but the 
crystals are so confusedly mingled that it is difficult to distinguish them. 
Such bodies are said to possess a crystalline structure. A piece of statuary 
marble possesses such a structure. In the crevices of rocks, however, the 
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minerals have sometimes had room to form into distinct crystals. Snow 
and ice are crystallised forms of water. 

The snow crystals can be seen with the naked eye when 
snowflakes fall on any dark surface like the sleeve of a coat 
(see par. 226). Bodies which do not take a definite geometrical 
shape are said to be amorphous (Gr. a^ not ; morphe^ shape). 

31. Experiments on Solution and Crystallisation, — (i) Dissolve some 
common salt in a tumbler in about twice its weight of water, stirring it 
well. Pour off the clear solution in a shallow plate and set it aside for. a 
few days and do not disturb it. The water gradually evaporates, and 
small cubes of salt are formed. Look at these with a lens, and their shape 
will be more apparent. 

(2) Dissolve some alum in about twice its weight of hot water. Put 
aside the solution to cool slowly ; beautiful transparent octohedral crystals 
will then be formed, though it is not easy to get them perfect in all direc- 
tions. 

(3) Obtain a specimen of rock-crystal. It is composed of mineral 
quartz, which is an oxide of silicon. Examine one of the crystals, and you 
will see that it consists of a six-sided column or prism capped with six- 
sided pyramids at each end (see fig. 8). It is rare, however, to find both 
ends perfect. Try to scratch the crystal with your knife ; it is too hard to 
scratch. It will itself scratch glass. 

32. Other Properties of Solids. — Stress and J^ 
Strain. — Stress is the name applied to any force /^^ V^ 
or forces acting on a body and tending to dis- 
arrange the particles composing it. This stress is 
called a tension if the forces are acting away from 
each other, as in breaking a string ; it is called 
a pressure if the forces are acting towards each 
other, as in cracking a nut. Strain is the effect ^^/^ 
which a stress produces in a body before it fig. 8. — Form 
breaks. Thus a beam in a building is said to ^^^"^^^ ^"^" 
undergo a strain if compressed, or stretched, or /.pyramid planes; 

° jr 7 ' /«, prism planes. 

bent, or distorted in any way. 

33. Tenacity (Lat. teneo, I hold) is the resistance which bodies offer to 
being broken ; that is, the resistance they offer to any force tending to tear 
their particles asunder. It is usually tested by forming the substance into 
wires, and attaching weights to the wires until they break. Steel has 
the greatest tenacity of any metal. Then come wrought iron, copper, 
platinum and silver in order. 

Malleability is that property which enables substances to be beaten out 
into thin plates. Many of the metals possess this property. Gold is very 
malleable, leaves being made only 3^0^000 of an inch in thickness. Next to 
gold in malleability come silver, copper, platinum, iron, in order. The 
opposite property is brittleness. 
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34. Ductility is a property closely allied to malleability, but the most 
malleable is not always the most ductile. This is the property in virtue of 
which substances are capable of being drawn out into fine narrow threads 
or wires. Gold, silver, platinum, iron, and glass (when melted) are the 
most ductile. Wires of platinum and gold can be obtained much finer 
than a spider's thread. 

35. Elasticity is the property which enables bodies to recover their 
original shape when the external force which has altered their form is 
removed. Many solid bodies are elastic, but there is a certain limit (called 
the limit of elasticity) beyond which the body does not recover its shape, 
but is either distorted or broken. Great brittleness and elasticity may 
exist in the same substance. Hard steel and glass rods are very elastic 
within certain limits, but in lead the tendency to recover its shape is con- 
fined to a very small limit. 

Liquids and gases are perfectly elastic, and regain their original volume, 
however great the pressure was to which they may have been subjected. 
Liquids are only compressible to a very slight degree, and on removal of 
the pressure they recover their former dimensions. 

36. Elasticity of Gases. — Gases are the most compressible and elastic 
of all bodies. If a quantity of gas be enclosed in a cylinder fitted with an 
air-tight piston, it may be compressed by pushing down the piston. On 
the removal of this additional pressure the gas will regain its former volume. 
A hollow india-rubber ball rebounds in consequence of the elasticity of the 
air within it. As all gases are perfectly elastic, they all follow the same 
law. It is found that if we double the pressure the volume diminishes to 
one-half; if we treble the pressure the volume becomes only one-third. 
Hence was derived Boyle's law — The volume of a gas varies inversely as the 
pressure to which it is subjected when the temperature remains the same. 
It is plain that while the volume diminishes as the pressure increases, and 
vice versd, the density must increase as the volume diminishes, and vice versd. 

Hence the law may be stated thus : For the same temperature the 
density of a gas is directly proportional to its pressure. 

This law was until recently thought to be absolutely true. For very 
high pressures a deviation begins to be observed with some, but for ordi- 
nary experiments the law may be regarded as true. It should be remem- 
bered that all gases can be liquefied by pressure and cold. 

37. Hardness. - In scientific language hardness is that property of 
bodies in virtue of which they resist being scratched by others. We test 
which is the harder of two bodies by seeing which of them will scratch the 
other. Diamond is the hardest of all substances, for it will scratch every 
other substance and is not scratched by any. A scale of hardness has been 
formed of the following series of minerals. Each of these scratches all 
those above it, and is scratched by all those below. If the substance we 
are examining is found to scratch felspar, but is found to be scratched by 
quartz, we say that its hardness is between 6 and 7. The first column 
gives the name of the mineral, and the last its chemical name. These 
latter names will be better understood after reading the section on chemical 
action. 

38. Scale of Hardness, 
Mineral Chemical 

'• J^'' •/ • u • 1 can be scratched by '• J!?^^'"" t"f'^ 
2. Gypsum (or rock- ^ finger-naU *• Cal"u>?» ^"Iphate 

salt) . . . / *• or Sodmm chlonde 
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3. Calcium carbonate 

can be scratched by f • ^^''=!"™ '•"°"<lf . 
knife or file %' S^ ""I" Phosphate 



3. Calc-spar 

4. Fluor-spar 

5. Apatite . 

6. Felspar . . . »•""«= "' "*c ^^ Potassium and alu- 
minium silicates 

7. Quartz (rock-crystal) » 7. Silica 

8. Topaz . . . cannot be scratched ^- Aluminium fluosilicate 

9. Corundum (sapphire, ^""^ tnife or fiL 9- These gems are crys- 

ruby) . . • I ^ tallised alumina 

10 Diamond . . ' lo. Crystallised carbon 

CHAPTER III. 

WORK AND ENERGY} 

39. In the science of Mechanics the word work is used in a peculiar 
sense. A force is said to do work when the body on which it acts is made 
to move. Merely supporting a weight is not doing work in this sense, for 
there is no work done unless the body is made to move in the direction of 
the force. Hence we may define work as the production of motion against 
resistance. It is measured by the product of the force into the distance 
through which the body moves in the direction of the force. The unit of 
work is the work done in moving one pound weight vertically through one 
foot, and this unit is ordinarily called a foot-pound. Hence, if we lift a 
weight of fourteen pounds through a vertical height of four feet, we perform 
fifty-six units of work. We thus express work m foot-pounds by multiplying 
the number of pounds in a given weight by the number of feet through 
which it is raised. The work done in raising a heavy body is done in 
overcoming the earth's attraction. Work is also done when we pull away 
a piece of steel held in position by the attractive force of a magnet, when 
we compress air, and, in general, when anything is caused to move in the 
direction of the force applied. 

Energy is the term used to denote the capacity or power of doing work 
against resistance. 

40. Kinetic and Potential Energy.— There are two kinds or forms of 
energy, which are called Kinetic and Potential. Kinetic energy is the 
pOTver of doing work which a body possesses by virtue of its motion. Thus 
a bullet when in motion can do work by giving up its velocity. When it 
strikes a target its energy is not lost, but passes into the form of heat, and 
heat is believed to be a mode of motion of the ultimate particles or mole- 
cules of which a substance is composed. The visible moving energy of the 
mass is said to have been converted into molecular energy. Water when 
in motion possesses kinetic or actual energy, for it can be made to do work 
by turning a water-wheel. Potential energy is the power of doing work 
which a body possesses by virtue of its position. Thus, when a heavy body 
has been lifted to the top of a house, it possesses potential energy, for it 
can do work whenever it is allowed to descend to a lower level. A bent 
spring has potential energy, for it can do work as it changes its shape. 

41. Other Examples of Energy. — Heat is regarded as a form of energy 
because it may be generated by the application of work, and because work 
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may be done by the action of heat. Moreover, a definite amount of work 
always produces a definite amount of heat, and the same number of units 
of heat always produce a certain fixed number of units of work. Every 
steam engine develops mechanical work out of heat ; for heat turns the 
water into steam, and this water vapour by its effort to expand sets the 
wheels in motion. Some of this mechanical motion is changed back again 
into heat by friction among the various parts of the machine ; and when 
an engine-driver applies the brake to stop his train the rails become hot, 
and sparks are seen to fly from the wheels. Electric currents can also 
perform work, and are therefore forms of energy. If a current of electricity 
is passing along a wire it will deflect a magnetic needle, and by passing 
around a bar of soft iron it will cause the bar to become a magnet, so that 
the iron will attract other pieces of iron near it. Chemical affinity is also a 
store of energy, for when different atoms unite to form a compound, heat, 
and sometimes light, is developed. Artificial heat is produced by combus- 
tion, and combustion is merely chemical union. The burning of coal is 
only the chemical union of the carbon and hydrogen of the coal with the 
oxygen of the air to form the two compounds carbonic acid and water 
vapour. A pound of carbon when burnt in oxygen to form carbonic acid 
gives out heat sufficient to raise about eighty-one pounds of water from the 
freezing to the boiling point, and this takes place whether the combustion 
be slow or quick. A store of gunpowder possesses potential energy due to 
chemical separation, and when it explodes by suddenly uniting with oxygen 
the energy becomes kinetic. The following table shows the different kinds 
of energy — kinetic visible energy and potential visible energy, kinetic 
molecular energy and potential molecular energy. This difficult subject 
will be better understood after reading the parts on Heat, Chemistry, and 
Electricity. 





Kinetic 


Potential 


Visible energy 


Due to the visible mo- 


Due to a position of ad- 




tion of a mass. 


vantage, or to visible 
arrangements. 


Molecular energy : 






Heat 


Due to radiation and 


Due to the heated state 




absorption. 


of a body. 


Electricity 


Due to electricity in 


Due to electrical separa- 




motion. 


tion. 


Chemical action 


Due to actual chemical 


Due to chemical ar- 




union. 


rangement. 



42. Conservation of Energy. — The investigations of scientific men 
show that we can neither create energy nor destroy it, and that the sum of 
the kinetic energy and potential energy in the universe always remains the 
same. One kind of energy can be transmitted or changed into another. 
Visible motion, heat, electricity, and chemical affinity are all so many 
kinds of either kinetic or potential energy, and they are mutually convert- 
ible one into another. Examples of this 'transmutation of energies,' as it 
is called, have already been given. Moreover, a definite amount of heat 
corresponds to a definite amount of visible motion or of electricity, a 
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definite amount of chemical action to a definite amount of heat, and so on. 
Although the form of the energy may be changed, the amount always 
remains the same. This important principle is called the conservation of 
energy. 

43. The Sun the Great Source of Energy.— The manifestations of 
energy due to the heat and light of the sun are very various. It is the sun's 
heat which warms the surface of the earth ; and when this warmth is com- 
municated to the overlying air it becomes rarefied and ascends, while fresh 
cool air flowing in from the sides takes its place. Thus the winds are 
caused which waft along some of our ships, and drive the sails of our wind- 
mills. It is also the heat of the sun which gives rise to the currents of the 
ocean, that so greatly affect the climate of certain countries. Again, by 
the heat of the sun some of the water on the surface of the earth is changed 
into vapour and carried up into the atmosphere. There it is condensed, 
and falls again on to the earth as rain and snow. This rain and snow 
collect as springs, rivers, and glaciers ; and, as we shall shortly learn, these 
moving masses do an immense amount of work, and produce wonderful 
changes in the rocks of the earth's surface. With the single exception 
of the tides, which are produced mainly by the attraction of the moon, 
all the movements of water are due to the energy derived from the 
sun. But not even yet have we exhausted the effects of the sun's rays. 
The energy of man and other animals is derived from the food which is 
eaten ; and if much work is done, more food is required than when little 
or no work is done. Work wears out the tissues of the body, and rest and 
food are required so that new tissue material may be formed. Our food is 
obtained from the vegetable world ; for even if we eat beef or mutton, this 
has been prepared for us by the ox or sheep from the grass or turnips on 
which it feeds. We must go a step further, and find out where the 
vegetable world got its store of energy from. Here the sun's rays come in 
as the active agent. Plants obtain the supply of carbon of which their 
tissues largely consist from the carbonic acid of the air. In the presence 
of sunlight the green parts of plants possess the power of withdrawing the 
carbon from the carbonic acid, and setting free the oxygen, and this 
carbon becomes fixed in the parts of the plant. The kinetic energy of the 
sun's rays is thus transformed into the potential energy of position, re- 
presented by the chemical separation of the oxygen and carbon of the 
carbonic acid. 

Without the sun's rays there -could be no vegetable world. The carbon 
of the vegetable tissue is thus ready to enter again into chemical combination 
with oxygen, and to come forth as the kinetic energy of muscular exertion ; 
for this combination of oxygen with carbon and other elements is really 
what takes place in the various tissues of our body, and it is this slow 
combustion which furnishes our frames with the energy put forth. But all 
the vegetable matter of the world has not been consumed by animals. 
Much of it has lain buried for long ages deep down in the earth, and has 
there been transformed into coal. It is the combustion of this coal which 
produces the heat that forms the steam from which our locomotive and 
other steam engines derive their moving energy. So that in very truth the 
.sun is the great source of energy on our globe. 
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CHAPTER IV. 

HEAT 

44. Of all the forms of energy about which we have been 
speaking, heat is one of the most important. When we come 
to understand its nature and the laws of its action we shall be 
able to explain many of the common appearances and occur- 
rences that take place in the world. Daily experiences lead 
us to speak of some bodies as hot and of others as cold \ but the 
term cold must only be understood to mean the comparative 
absence of heat, just as dark denotes the absence of light. 

45. Nature of Heat. — For a long time it was thought that 
heat was an invisible weightless fluid entering and leaving 
bodies, so as to cause the sensations of warmth and cold. 
This fluid was called caloric. But it has been proved that 
heat is not a substance at all, for it can be produced in un- 
limited quantity by friction, and matter cannot be created out 
of nothing. Two pieces of ice can be melted by friction in a 
vacuum at freezing-point, and this could not be the case were 
heat a fluid as was once supposed. 

According to the opinion now held, heat is considered to be nothing 
more than * a mode of motion.' It consists in the oscillating motions of 
the molecules of a body, and it spreads itself to distant bodies by producing 
quivering motions in a medium which is believed to pervade all space, and 
which is called the ether. This ether is regarded as a highly elastic 
invisible substance, filling all space and permeating all matter, so as to occupy 
the space between the molecules of bodies. It has more of the properties of 
a solid like jelly than the properties of a gas. This ether takes up vibrating 
or oscillating motion from luminous and hot bodies, and transmits this 
motion through itself in the form of waves or undulations. These strike 
against certain parts of our bodies and cause the sensation of light or heat. 
No one has seen or felt this medium called ether, but it is believed to exist 
because it explains, as nothing else can, the various phenomena of light 
and heat. Heat, then, is molecular motion, and is the cause of those 
sensations we call warm and hot. 

46. Sources of Heat. — The great source of heat is the sun. It is said 
that the total amount of heat received by the earth from the sun in one 
year would melt a layer of ice surrounding the earth 105 feet thick. But 
there are sources of heat on the earth itself, which may be called terrestrial 
sources. These are — 

( 1 ) Mechanical actions, such as friction, percussion, and the stoppage 
of a moving body. 

(2) Chemical actions, such as combustion and other cases of chemical 
union. 
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(3) Electrical action, as when the passage of electricity is impeded. 
But even these, as we have shown, may be traced to the sun as their 
ultimate source. 

47. Belation between Heat and Work — The exact relation between 
mechanical work and heat has been determined by Dr. Joule. He showed 
not only that work can be converted into heat, but that the same amount 
of work always produces the same amount of heat. A weight of one 
pound raised to a height of 772 feet will generate on striking the earth 
sufficient heat to raise one pound of water one degree Fahrenheit ; and, 
conversely, the amount of heat required to raise one pound of water one 
degree Fahrenheit might be made to lift one pound to a height of 772 feet. 
Hence 772 foot-pounds is called the mechanical equivalent of heat. (See 
Conservation of Energy. ) 

48. Measurement of the Temperature (or Hotness) of a Body. — The 
effect of heat is made use of to determine the temperature of a body. The 
word temperature signifies the amount of sensible heat in a body — that is, 
the amount of heat which can be made evident to the senses by means of 
some instrument. It is a quality of bodies, and hence we speak of degrees 
of temperature. More accurately the word has been thus defined and 
explained : — * The temperature of a body is its thermal condition with 
reference to its power of communicating heat to, or of receiving heat from, 
other bodies ; the body A being said to have a higher temperature than B 
if B gain heat from A when they are placed in contact. Hence if, when 
two bodies are placed in contact, neither of them gains heat at the expense 
of the other, the two bodies are said to be at the same temperature ' 
(Garnett). A body is said to have a high temperature when it is capable 
of communicating much heat to surrounding objects ; and it is said to have 
a low temperature when it is capable of imparting little, or of receiving 
heat from them. 

A thermometer is an instrument for measuring the temperature of 
bodies. Care must be taken not to confound the temperature of a 
substance with the quantity of heat it possesses. A glass of water may 
have the same temperature as a large boiler, but the amount of heat 
possessed by the two is very different. The instrument that measures the 
amount of heat in a given amount of a substance is called a caloHmeter, 

49. Constmction and Graduation of a Thermometer. — Nearly all 
bodies expand or increase in volume when they are heated, and contract 
or diminish in volume on cooling. This effect is made use of in measuring 
temperature, and the most convenient substance is a fluid having its free 
surface in a narrow tube of small bore. A small increase of volume con- 
sequent on an increase of temperature can thus be easily observed. 

The fluids most frequently employed are mercury, alcohol, and air. In 
order to construct a mercurial thermometer a glass tube with a very fine 
bore is taken, having a bulb blown at one end. At first the upper end of 
the tube is open, and in order to get the mercury to enter the tube a little 
cup is attached to this end, and mercury poured into this cup. The bulb 
is now gently heated, and a portion of the air is thus driven out, bubbling 
through the mercury in the cup. As the bulb cools, and the air in the 
tube contracts, mercury is forced by the pressure of the atmosphere through 
the tube into the bulb. This mercury in the bulb is then heated until it 
boils. The remaining portion of air is thus expelled, and the tube becomes 
filled with heavy vapour of mercury. On cooling this vapour condenses, 
and more mercury now enters, so as to fill the bulb and tube completely. 
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The balb and tntje are again heated to a point a little beyond the highest 
temperature it is intended to measare, and while still hot the top of the 
tube i» sealed by the blowpipe. As th^ mercury cools in the sealed tube it 
contracts, and leaves a vacuum at the upper end of the tube, while the 
bulb and a portion of the stem are occupied by the liquid. The thermo- 
meter now requires to be graduated, i.e. marked with d^rees or regular 
intervals. In order to do this it is first placed on melting ice or melting 
snow, and a mark made on the tube at the point to which the mercury has 
contracted. This is called iki<^ freezing-point. 

^_^ After the freezing-point has been 

IQI determined, the instrument is placed 

in the vapour of water boiling at the 
normal or standard pressure of the 
atmosphere. The mercury rises, and 
a second mark is made on the tube 
at the end of the mercury column. 
This is called the boiling-point. The 
space between these two marks is 
then divided into any number of equal 
parts that may be chosen, and parts 
of equal length are also marked off 
some distance below the freezing- 
point and some distance above the 
boiling-point. These equal divisions 
are called degrees, and this division 
of the thermometer into equal parts is 
called the graduation of the thermo- 
meter (Lat. gradus, a step or degree). 
In the Centigrade thermometer the 
space between the two fixed points is 
divided into lOO equal parts, o being 
placed at the freezing-point and lOO 
at the boiling-point. 

In Fahrenheit's thermometer the 
space between freezing-point and 
boiling-point is divided into i8o equal 
parts, 32 being put at freezing-point 
and 212 at boiling-point. Hence in 
this thermometer the zero is 32 de- 
grees below freezing-point. This is 
the thermometer in common use in 
this country. 

In both thermometers tempera- 
tures below the o are distinguished by 
having the minus sign prefixed. 
Thus — 6° C. denotes 6 degrees below 
freezing-point on the Centigrade, 
and —6° F. denotes 
the freez- 
ing-point of Fahrenheit's thermometerr 

Since 100 divisions or degrees on the Centigrade are equal to 180 
degrees on the Fahrenheit, we see that 5 degrees C. = 9 degrees F. Hence 
it is easy to see how to pass from one thermometer to the other. From C. 
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to F. multiply the number of degrees on the Centigrade scale by 9, divide 
by 5, and add 32. F. =f C. +32. From F. to C. subtract 32, multiply 
by 5, and divide by 9. C = § (F. - 32). 

50. Beasons for employing Mercury for Ordinary Thermometers. 

(i) It is a liquid that can easily be obtained in a state of purity. 

(2) It remains liquid through a great range of temperature, viz. — 40® C. 
to 350° C, or - 40° F. to 662° F. 

(3) It quickly transmits heat through its substance, so that it soon 
acquires the temperature of the body with which it is in contact. 

(4) It requires but little heat to raise its own temperature, so that it 
affects but slightly the temperature of the substance in which it is placed. 

(5) It does not wet the glass envelope in which it is put. 

Alcohol thermometers are used for measuring very low temperatures, 
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Fig. II.— Maximum and Minimum Thermometers fixed horizontally on a 
rectangular piece of wood. A , maximum thermometer, containing mer- 
curjr with the index registering 32° C. as the highest temperature 
attained. B. minimum thermometer, containing alcohol with the index 
registering 5* C. below zero as the lowest temperature reached. 

and. also for what are called minimum thermometers. Alcohol is a liquid 
that has never been frozen. 

Air thermometers are used to measure very slight variations of tempe- 
rature, as gases expand more than liquids, and also for very high tempera- 
tures. 

51. Maximum and Minimum Thermometers. — The maximum ther- 
mometer is an instrument used for indicating the highest temperature to 
which it has been exposed since it was adjusted. Rutherford's maximum 
self-registering thermometer consists of an ordinary mercurial thermometer 
placed in a horizontal position, and having a small piece of steel inside the 
tube beyond the mercury. 

As the mercury expands with increase of temperature it pushes the 
steel before it, and as it contracts it leaves the steel in the furthest position 
to which it has been driven. The end of the steel nearest the surface of 
the mercury marks the highest temperature since it was last set. The in- 
strument can be prepared for another observation on bringing back the 
steel into contact with the mercury by means of a magnet. 

The minimum thermometer is used to indicate the lowest temperature 
reached since the last observation. It contains alcohol instead of mercury. 
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and inside the alcohol contained in the tubes there is a small index of 
glass, with the furthest end touching the surface of the alcohol. This tube 
is also placed horizontally. As the alcohol contracts it carries the index of 
glass with it, but when it expands the index is left behind. Thus the end 
of the index nearest the surface of the spirit shows the lowest temperature. 
The index can be again got into position by inclining the tube. 

52. Uses of the Thennoineter— Methods of nsing Ther- 
mometers. — We have seen that a thermometer is used for 
measuring the temperature or degrees of heat of substances 
brought into contact with it, but in order to do this accurately 
certain precautions must be observed. We must take care that 
the thermometer is only affected by the body whose tempera- 
ture we wish to ascertain, and that it is neither receiving heat 
from nor giving up heat to other bodies. We must also allow 
the thermometer to be sufficiently long in contact with the 
body to acquire the same temperature. Thus, to ascertain the 
temperature of a liquid we must allow the bulb and part of the 
stem to remain in the liquid for a short time. The tempera- 
ture of the human body may be ascertained by placing a small 
thermometer in the mouth till it has come into thermal equili- 
brium with it. One of the most important uses of the ther- 
mometer is to ascertain the temperature of the atmosphere. 
To do this is a somewhat difficult matter. If we allow the sun 
to shine upon it the reading will be too high. Hence, to 
find out the temperature of the air the thermometer must be 
in the shade. Here, however, it must not be affected by 
bodies colder than the air, or the reading will be too low. The 
air must also have free access to the instrument on all sides. 
To meet these difficulties a maximum and minimum thermo- 
meter are often placed inside a rectangular screen made of 
wood louvred on all sides except the top, and placed on legs 
in an open space so that the instruments are about four feet 
from the ground. They are thus protected from radiation 
either from the sun or from surrounding objects, and their 
readings show the highest and lowest temperatures since last 
set. 

53. Black Bulb Thermometer in Vacuo. — This is a thermometer con- 
structed, not for the purpose of measuring the temperature of the air, but 
for measuring the intensity of solar radiation, or the amount of the sun*s 
heat that reaches the layer of the atmosphere where it is placed. It would 
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not suffice to expose an ordinary thermometer to the sun*s rays for this pur- 
pose, for the bright bulb would reflect and radiate back some of the heat 
that fell upon it. But when the bulb and part of the stem are coated with 
lamp-black (a variety of carbon) the whole of the sun's rays are absorbed. 
To prevent loss of heat from this bulb by air currents and radiation it is 
enclosed in a clear glass tube with a bulb blown at the end, and this outer 
tube and bulb are exhausted of air. The black bulb thermometer thus 
consists of a good maximum thermometer, having the bulb and about an 
inch of the stem coated with dull lamp-black and enclosed in an exhausted 
glass tube. It is placed about four feet from the ground and freely exposed 
to the sun's rays. 

The ordinary rule for using the instrument is to notice the maximum 
temperature indicated during the day, and to compare this with the maxi- 
mum temperature indicated by the shade thermometer. The difference of 
the two thermometers indicates the greatest amount of solar radiation 
during that day. 

54. Expansion. — It has already been remarked that one 
general effect of heat is to cause bodies to expand or increase 
in bulk (size in all directions). Solids expand least, liquids 
expand more than solids, and gases expand most. 

55. Expansion of Solids. — To show the expansion of solids we may 
take a bar which when cold just fits into a groove, and then heat it. It 
will then be found to fit no longer. 
It is because of this expansion that 
the ends of the rails on a railway are 
placed at a small distance apart, else 
the summer's heat would bring them 
so tightly in contact as to twist them. 
As the heated body cools contraction 
takes place. If a ball of metal a be 
made of such a size as to exactly fit 
a ring m when the two are at the 
ordinary temperature of the air, it will 
be found on heating the ball that it no 
longer passes through the ring. On 
cooling, however, to its original tem- 
perature the ball again passes through 
the ring. The shrinking effect of cool- 
ing is made use of by the wheelwright 
when he puts on the iron tire of a 

wheel while red-hot, and then cools it Fig. i2.-Showing Expansion of Metal 

by throwing on water. The contrac- ^ ^* * 

tion consequent on the iron becomi ig cold binds the parts firmly together. 
Different solids expand differently for the same increase of temperature. 
Thus zinc expands more than silver, silver more than iron, and iron more 
than copper or glass. 

56. Expansion of Liquids.— On taking a flask full to the brim with 
water and heating it, the water will soon begin to flow over, owing to its 
expansion. If we take the thermometer from the wall of a room and place 
it in hot water, the liquid mercury is seen to rise. Remove the thermo 
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meter and the mercury falls, owing to its contraction on cooling. As we 
saw in describing the thermometer, it is the expansion and contraction of 
the mercury which furnishes us with the means of measuring the tempera- 
ture of bodies in contact with it. Different liquids undergo different amounts 
of expansion for equal increments of temperature, but the case of water 
presents certain peculiarities so important that it needs special attention. 

57. Exceptional Case of Water. — At certain temperatures water obeys 
the general rule, expanding for an increase of temperature and contracting 
for a diminution of temperature, but at certain other points there are im- 
portant deviations from this rule. 

As before remarked, if we take a vessel of water and heat it, the water 
begins to expand until it reaches its boiling-point. It then passes off as 
vapour, increasing in volume about 1,700 times. But, before it is all 
evaporated, take some of the hot water, and let it cool slowly, and we shall 
be able to notice that it contracts until it comes near the freezing-point, 
39° F. (4° C. ), when it begins to expand^ and continues to do so until the 
freezing-point is reached, 32° F. (0° C. ). Just as it becomes solid it again 
enlarges, so that ice is lighter than water bulk for bulk. 

The specific gravity of ice is '92, water being i. Hence it is that ice 
forms on the surface and will float. 

Water has, therefore, its greatest density and least bulk at 39° F, 
(4°C. ). At 32° F. (0° C. ) it freezes. Hence between the temperatures 
of 39° F. and 32° F. (4° C. and 0° C. ) water behaves in an exceptional 
manner, expanding as the temperature falls from 39° F. to 32° F. , and con- 
tracting as the temperature rises from 32° F. to 39° F. This exceptional 
behaviour of ice between 39° F. and 32° F. is of great importance in the 
economy of nature. If water did not expand as the temperature gets near 
the freezing-point and at the moment of freezing, the whole of the water 
in a river or lake would increase in density and sink from the surface to 
the bottom till the whole reached 32° F. It would then become solid 
throughout, and instead of having the ice form on the top as it does, the 
whole mass would become frozen. 

Probably the reason why ice expands at the moment of freezing is that 
the arrangement of the cr)rstals in ice (for ice has a crystalline structure) 
takes up more room than when the water is in the liquid state. 

We will now summarise these facts in a tabular way : — 

(i) Ice expands from below freezing-point to 32° F. like other solids. 

(2) At 32° F. ice melts, and there is contraction of bulk. 

(3) From 32° to 39° F. the water still further contracts. 

(4) At 39° F. the water has its maximum density or least bulk. 

(5) From 39° F. to 212° F. the water expands. 

(6) At 212° F. the water boils and undergoes enormous expansion. 

(7) Water vapour expands regularly on being further heated. 

The pupil may write out the above table, using Centigrade degrees 
instead of those of Fahrenheit. 

We are now able to understand clearly what takes place when a pond 
or other sheet of water freezes. The water at the surface is first chilled by 
the cold air, and this becoming heavier than the water below, sinks, whilst 
the lighter, warmer water rises to supply its place. This goes on till the 
temperature of the whole mass is reduced to 39° F. (4^ C. ), after which the 
surface water no longer sinks, for on being cooled below 39° F. the water 
expands, and, being lighter than the deeper water, remains at the top. 
This colder water at the surface being then reduced to the freezing-point is 
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turned into solid ice floating on the water below, and serves to some extent 
as a protection from the cold at the surface. The ice formed then slowly 
increases in thickness in proportion to the intensity of the cold at the 
surface. 

The great force with which water expands on freezing can be shown by 
the following experiment : — 

An iron bomb-shell or bottle is filled quite full with water, and then 
firmly closed with an iron screw. The shell or 
bottle is then exposed to frost, and after a time it is 
heard to burst with a loud noise, and a quantity of 
ice is forced through the crack as is shown in the 
figure. 

Ice possesses a peculiar property called regelation. 
When two fragments of ice near the melting-point 
are pressed together, they at once freeze into one Fig. 13. — Iron Shell 
mass, but if the pieces be some degrees below freez- broken by Freezing 
ing-point this does not take place. Bo)rs often ^'^'^" 
squeeze the icy particles of which snow consists into a ball, but when the 
snow is very cold no snowball can be formed. This phenomenon of 
regelation was first examined by Faraday. 

58. Groimd Ice. — Ice called * ground ice,' or 'anchor ice,' sometimes 
forms at the bottom of quickly moving rivers, while the rest of the water 
remains unfrozen. 

Owing to the movement among the particles of water the temperature 
of the water may be reduced several degrees below freezing-point before 
ice is formed. The action of the running stream mixes the cold surface 
water with the water below, and then ice is formed at the bottom owing 
to the greater stillness of the water there, and because the sharp points of 
the rock and shingle present surfaces which induce the water to cr3rstallise 
or freeze. Ice is thus formed in the bed of a river, clinging to the pebbles 
and weeds, and when the temperature rises after sunrise its buoyancy 
causes it to rise to the surface, lifting up and floating away the loose stones 
and other substances to which it is attached. 

59. Expansion and Contraction of Oases. — If we take a 
bladder about half full of air, carefully tie it up, and then warm 
it before the fire, we shall soon find that it swells out and 
becomes smooth and round, through the expansion of the air 
inside. On cooHng, it again shrinks. 

The expansion of gases is subject to a much simpler law than the 
expansion of solids and liquids ; for while different solids and liquids have 
different rates of expansion, all gases expand equally for the same increase 
of temperature. The law is — * Gases expand 5^ of their volume for every 
increase of i° C. starting from zero.* This is sometimes called the law of 
Gay Lussac, or the law of Charles. 

The expansion and contraction of air as the temperature rises or falls 
serves to explain many familiar phenomena. The draught in a chimney is 
caused by a current of heated air and gas which, being lighter bulk for 
bulk than the cold air, ascends, other air passing in from the room to 
maintain the combustion and the upward current. 

The ventilation of rxx)ms is best brought about by letting the hotter 
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and lighter air escape near the ceiling while the cooler fresh air is admitted 
below. 

When a candle is held near the top of the open doorway of a room in 
which a fire is burning the flame is carried outwards, but if it be held at 
the bottom the flame is carried inwards by the colder air coming in from 
the outside. 

Winds are produced by difference of temperature, the warm rarefied 
air near the surface ascending, and colder air coming in to supply its place. 

60. Latent Beat. — We have seen that matter exists in three forms 
or states — solid, liquid, and gaseous (art. 29) ; that in solids the particles 
are held together by a force of molecular attraction called cohesion ; that 
in a liquid this force is much less, the molecules being free to move over 
one another in any direction ; while in a gas the force of cohesion has no 
existence at all, as the particles repel each other and tend to fly off in all 
directions. It is by the application of heat that solids are turned into 
liquids, and liquids into gases. By the withdrawal of heat gases are 
turned into liquids, and liquids into solids. Carbon, however, is a solid 
which has never yet been turned into either a liquid or a gas, and alcohol 
is a liquid that has not been frozen. 

Let us consider more carefully what takes place when these changes of 
state occur. If we take a quantity of ice and apply heat, it begins to 
melt. But while the process of melting goes on the temperature, does not 
rise, for until all the ice is melted the temperature remains at freezing- 
point. What, then, becomes of the heat ? It is expended in liquefying 
the ice ; that is, in lessening the force of cohesion, or doing interior work. 
The heat thus sensibly lost and expended in changing the state of the 
body is called latent heat. 

We may further illustrate the matter in this way. If we take a pound 
of water at 0° C. and another pound at 79° C. , and mix the two, we shall 
find the mixture to be at a temperature halfway between the two, viz. 
39 '5°. But if we take a pound of ice at 0° C. and mix it with a pound 
of water at 79° C, we shall find that the ice will be melted, but that the 
temperature of the whole mass of water is only at freezing-point, 0° C. 
The heat of the pound of water has been used up in melting the pound of 
ice. Other solids in fusing absorb heat, which becomes latent, but the 
latent heat of water is greater than that of any other body. In the 
opposite process of solidification a quantity of heat is given up again. 
Hence the large amount of heat latent in water is again given up as it 
freezes, and this serves to lessen the severity of a frost, as it renders the 
freezing of masses of water a much more gradual process than it would 
otherwise be. In the slow liquefaction of ice, too, we see how it is that 
a thaw does not produce a sudden deluge of water. 

61. Evaporation and Ebullition. — When a liquid passes 
into the gaseous state, it is found that there is even a greater 
disappearance of heat than there is when a solid is changed 
into a liquid. If water be placed in an open vessel and heat 
applied, a thermometer would show that the temperature gradu- 
ally rises until it reaches 100° C. (212° F.). The water then 
passes off rapidly as a vapour, and the temperature of the water 
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in the vessel remains at 100° C. (212** F.). By continuing the 
heat for some time all the water may be driven off as steam, and 
the fact that the temperature remains stationary at 100° C. 
(212® F.) shows us that the heat is being used up in turning 
the water from a liquid into a gas, and in overcoming the pres- 
sure of the atmosphere. 

The amount of heat thus rendered latent is 540 thermal units, a thermal 
unit being the amount of heat required to raise the temperature of a pound 
of water i° C. from o® C. 

The number 212° F. or 100° C. only expresses the boiling-point of 
water at the ordinary pressure of the atmosphere. If the pressure diminish 
the boiling-point is lowered, because the elastic force of the vapour gene- 
rated in the liquid is sooner able to overcome the atmospheric pressure at 
the surface. Hence as we ascend a mountain the boiling-point gradually 
diminishes, the rate of diminution being about 1° C. for every 1,000 feet. 
In this way observation of the boiling-point may be used to find out roughly 
the height of a mountain. 

Some liquids boil at a lower temperature than water, and some at a 
higher. This is because the elasticity of their vapour, or the tension of 
the vapour, as it is called, differs from that of water. But in all cases the 
same liquid boils at the same temperature if the pressure be the same ; and 
the tension of its vapour always equals the pressure of the atmosphere at 
the place. It should be noted that water slowly evaporates at all tempera- 
tures, giving off invisible vapour from its surface, which difiiises into the 
surrounding air. In boiling or ebullition the bubbles of vapour are formed 
within the liquid. 

62. Condensation. — When the water vapour suspended in the atmo- 
sphere is condensed, the latent heat of the vapour is again given back to 
the atmosphere. In this way our south-westerly winds, laden with mois- 
ture from the warm tropical regions of the earth, on reaching a cooler 
district have their moisture condensed, and give up a certain amount of 
heat. 

The molecules of water, in fact, when separated by heat, possess poten- 
tial energy, or energy of position, and this is changed again into sensible 
heat as the vapour cools and condenses. 

It must be remembered that real steam is invisible, as may be learnt by 
boiling water in a vessel with a glass spout. No steam will be seen in the 
spout until it has come out a small distance. The cloud we usually call 
steam arises from the condensation of the steam into minute watery particles 
by the colder atmosphere. Water, in passing into the gaseous state, under- 
goes an enormous increase in volume, I cubic inch of water becoming about 
1,700 cubic inches of steam. There is a corresponding diminution of 
volume when the steam condenses again into water. 

63. Specific Heat. — All substances do not require the same quantity of 
heat to raise them to the same temperature. If one pound of water and 
one pound of mercury, both at the same temperature, be subjected for the 
same length of time to the same heat, it will be found that when the water 
has increased in temperature one degree the mercury has risen thirty 
degrees. This is expressed by saying that water has a great specific capacity 
for heat. It requires thirty times as much heat to pass into water as is 
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required to pass into mercury, in order to produce the same rise in tem- 
perature. The amount of heat taken up by a given weight of a body in 
order to increase its temperature a given number of degrees is just the same 
as the body gives off as its temperature sinks through the same number of 
degrees. Although, therefore, water has such a great capacity for heat, it 
must be noticed that, in cooling, it gives off the large quantity it required 
to become warm. 

Definition : — The specific heat of a substance is the quantity of heat 
required to raise that substance through one degree of temperature, com- 
pared with the quantity of heat required to raise an equal weight of water 
from o® C. to 1° C. Water, having the greatest specific heat, is taken as 
the unit. 

Here is the specific heat of a few important substances : — 



Water . . . I'oo 

Silver . . '. '056 

Charcoal . . . '242 

Iron . . • . '114 



Mercury . . . '033 

Alcohol . . . "674 

Oxygen . . . '218 

Nitrogen , . . '244 



64. Important Effects of the Oreat Specific Heat of Water. — Since 
water requires such a large quantity of heat to raise its temperature, and 
since it gives out the same quantity in cooling, it is easy to see that large 
bodies of water will exert considerable influence on the climate of a country. 
During the hot parts of the year the water absorbs a considerable quantity 
of heat without any great alteration of its temperature. In the cold parts 
of the year, as the waters of the sea become cooler, a considerable quantity 
of heat is given up to the land and the air with which it is in contact. 
Thus maritime countries have the extremes of temperature greatly modified 
by the influence of the ocean waters. 

65. Propagation of Heat. — Heat is transferred from one piece of 
matter to another in three different ways — by radiation, convection, and 
conduction. 

66. Radiation, — The process by which heat is transmitted across a 
space from one body to another is called radiation. When we stand in 
front of a fire, or in the bright sunshine, the warmth we feel is caused chiefly 
by radiation. The rays of heat from the fire or the sun pass through dry 
air without heating it, just as rays of light pass through transparent bodies. 
These rays of heat are not warm of themselves, and they do not raise the 
temperature of the bodies through which they pass. It is only when they 
fall upon a body and are absorbed by it that their heating effect is produced. 
The great supply of heat received by the earth from the sun is transmitted 
by the process of radiation. These rays proceed like rays of light in all 
directions and in straight lines. Every hot body sends forth heat in all 
directions, whether the body be luminous like a jet of gas, or non-luminous 
like a vessel of hot water. There are thus two kinds of heat rays — lumi- 
ftous heat rays, in which rays of heat are combined with rays of light ; and 
obscure of dark heat rays, where light is absent. 

When rays of heat strike against any body, a portion of the heat is ab- 
sorbed, so as to produce heat within the body, while another portion is 
reflected, or thrown back from the surface. But some substances transmit 
or allow the greater portion of the heat to pass through them. They are 
then said to be diathermanous. Those bodies which are good absorbents 
of heat also radiate heat well, and those which are bad absorbents are bad 
radiators. Only those rays that are absorbed serve to warm the body, 
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those that are reflected or transmitted having no effect on the temperature. 
Lamp-black is a substance remarkable for its power of absorption, for it 
transmits^ none of the radiant heat which falls on it, and reflects very little. 
Polished metals are good reflectors, absorbing very little and transmitting 
none. Rock-salt transmits radiant heat very well ; it hardly absorbs any, 
and reflects but little. It should be noticed that some substances, like 
glass and water, allow the luminous rays to pass through but absorb the 
dark heat rays. 

Professor T3nidall has shown that dry air has scarcely any power to 
absorb rays of heat, but that the aqueous vapour which is always present 
more or less in the atmosphere absorbs a very. large amount of the rays of 
dark heat, though it allows the sun's rays to reach the earth with only slight 
loss. * The result is that we have nearly the full effect of the sun's rays in 
heating the earth ; but once the earth has been heated, this terrestrial heat 
cannot easily pass out through the aqueous vapour of the atmosphere into 
empty space ; but as it consists of dark rays it is stopped thereby. Thus 
the aqueous vapour acts as a trap in allowing the sun's rays to pass in and 
heat the earth, while it prevents the heat of the earth from passing out- 
wards into space. The earth's surface is by this means kept much hotter 
than it would otherwise be.' (Balfour Stewart's * Lessons in Elementary 
Physics.') 

67. Conduct ioft, — Conduction of heat is the transference of heat through 
the mass of a body from particle to particle. If we place a rod of iron and 
a piece of wood of the same length in the fire, we shall soon find that the 
iron becomes hot at the opposite end, owing to the conduction of heat 
from molecule to molecule along the rod, while the wood can be held in 
the hand as it bums away. Bodies which readily propagate heat through 
their mass are said to be good conductors, and those through which heat 
passes slowly and with difficulty are 
called bad conductors. Most of the 
metals are good conductors of heat, 
silver and copper being the two best. 
Cotton, wool, feathers, straw, and 
other organic substances are very poor 
conductors. They thus prevent the 
escape of heat generated in the bodies 
of animals. Our clothes, therefore, 
do not make us warm, but only keep us 
warm by their not conducting the heat 
outwards, and by preventing the cold 
' air from carrying off" the bodily heat. 
Ice can be preserved from melting on 
a warm day by wrapping it in blankets, 
as the blankets do not readily carry 
the heat of the air inwards to the ice. 
Thus a bad conductor may not only 
keep heat in, but also keep it out. 

Nearly all liquids and gases are 
bad conductors of heat, and hence heat 
is not transmitted through them in the 
same way as in solids. If a test-tube of water be heated at the top it may 
be made to boil there while the liquid at the bottom remains comparatively 
cold. This shows that the water is a bad conductor of heat. 




Fig. 14. -Convection Currents formed 
during the Heating of Water. 
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68. Convection, — If, however, the water be heated at the bottom, it 
soon becomes warmer throughout. This is not due to conduction, but the 
particles of liquid near the lamp or fire become heated, expand, and rise to the 
top. Colder particles descend to take their place, and these in their turn get 
heated and rise. In this way ascending and descending currents are formed, 
and the heat is spread through the whole mass. By introducing small 
pieces of blue litmus these currents can be rendered visible. This mode 
of heating is called convection (Lat. conveho^ to carry up). The air is heated 
in this way by contact with the warm earth, and the heated air becoming 
specifically lighter ascends, and these convection currents are the cause of 
winds. 



CHAPTER V. 

CHEMICAL ACTION, 

69. Elements and Compounds. — Chemistry is the science 
which treats of the composition of bodies, i,e. of the different 
kinds of substances of which the various pieces of matter are 
made up. Although the substances found on the earth are so 
numerous and varied, yet, as we have seen (par. 25), the chemist 
divides them into two classes only, elements and compounds. 
Everything we meet is either an element or a compound, or a 
mechanical mixture of these. An element is a simple substance^ 
consisting of only one kind of matter. It cannot be split up or 
decomposed into different substances, nor can it be built up 
out of different substances. Thus carbon (of which pure char- 
coal is a variety) is an element, because nothing but carbon can 
be obtained from it. It is indecomposable. For the same 
reason the gas called oxygen and the liquid metal mercury are 
elements. But carbon can be made to unite with oxygen by 
the force of chemical affinity, and a compound called carbonic 
acid or carbon dioxide is then produced. This union is brought 
about whenever carbon burns ; for this burning results from the 
carbon uniting with the oxygen of the air and forming the in 
visible gas called carbonic acid gas. Hence carbonic acid is a 
compound substance, for it consists of two kinds of substances, 
oxygen and carbon, chemically united. Water is a compound 
formed by the union of two gases, oxygen and hydrogen. 
Limestone is a compound also, and contains three elements, 
calcium, carbon, and oxygen, united together. A co?npound, then, 
is a substance formed of Pivo or more elements united together by 
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the force of chemical affinity. There are only 65 elements known, 
but there are many thousands of compounds. Binary com- 
pounds are tE^ompounds formed by the union oitwo elements. 
Thus carbonic acid and water are binary compounds. Ternary 
compounds are compounds formed by the union of three 
elements, as limestone. Many other examples of both these 
classes will presently occur. Some compounds contain more 
than three elements. As already stated, the power which 
causes the various elements to unite with one another in order 
to form compounds, and which holds them together after they 
hfive united, is called chemical attraction or chemical affinity. 

70. Chemical Symbols and FormulflB. — Instead of writing the full name 
of each element and compound, the chemist uses a kind of shorthand. 
Each element has a sign or symbol^ and this symbol is the first letter (or 
sometimes the first letter and another) of its English or Latin name. But 
it is important to notice that this symbol not only stands for the element, 
but also for a definite quantity by weight of that element. Thus H. not 
only stands for hydrogen, but also for one atom of hydrogen. As hydrogen 
is the lightest substance known, its atom is taken as the unit, and to it the 
number i is attached. O stands for oxygen, and for one atom of oxygen ; 
and, as oxygen is sixteen times heavier than hydrogen, the number 16 is 
attached to the symbol O. In the same way C stands for carbon, and for 
12 parts by weight of carbon. The symbol Ca is used for the element 
calcium, the weight of which compared with hydrogen is 40. These 
numbers are called the atomic or combining weights of the elements, and 
they represent the relative weights of the elements when hydrogen is taken 
as the unit. Compound bodies are represented by placing the symbols of 
the elements composing them side by side. .Thus the compound called 
mercuric oxide consists of one atom of mercury (Hg) united with one atom 
of oxygen (O), and it is therefore represented thus, HgO. Carbonic acid 
is formed by the union of one atom of carbon and two atoms of oxygen ; 
hence it is represented by CO.^, the small figure at the right of an element 
indicating the number of atoms of that element. HgO and CO2 are called 
the chemical fotmulce of mercuric oxide and carbonic acid respectively. 
A chemical formula, therefore, is the representation of a chemical com- 
pound by means of symbols. H2SO4 is the chemical formula of sulphuric 
acid (also called oil of vitriol), and this formula teaches us that it consists 
of two atoms of hydrogen, one atom of sulphur, and four atoms of oxygen, 
chemically united. The quantity of any compound which is represented 
by its formula is spoken of as a molecule. Thus H2SO4 represents a mole- 
cule of sulphuric acid, and 2H2SO4 represents two molecules. A molecule 
of an element usually contains two atoms ; Hg represents a molecule of 
hydrogen (see definitions of atom and molecule in par. 27). 

By means of this shorthand we can also express chemical changes 
shortly and exactly whenever a chemical action takes place. Chemical 
actions always produce changes of composition. The sign -1- placed between 
two formulae shows that the two bodies represented have been added 
together. The sign = is usually employed in the sense of the word * yields ' 
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or 'produces.' Thus when carbon is made to bum in oxygen, the two 
substances unite and* carbon dioxide is produced. This chemical action is 
shortly expressed by the following equation : 

When zinc is placed in dilute sulphuric acid, H2SO4, the zinc displaces the 
hydrogen of the sulphuric acid and sets it free. Expressed in chemical 
signs, this change is written thus : 

Zn + H2SO4 « ZnSO^ + Hj. 

Such changes as these are often spoken of as reactions^ and chemical 
reactions are usually represented by equations. 

71. Number and Classifioation of the Elements. — Tables of Elements, 
— The total number of elements at present known is 65, but many of these 
are rare and seldom met with. Most of the elements are solids at the 
ordinary temperature of the air, but bromine and mercury are liquids ; and 
oxygen, hydrogen, nitrogen, and chlorine are gases. The elements are 
divided into two classes, metallic and non 'metallic. The metals are dis- 
tinguished from the non-metals by their lustre, malleability, metallic ring 
when struck, and by generally possessing a high specific gravity and being 
good conductors of heat and electricity. The following tables supply lists 
of (i) all the non-metals, (2) all the common metals, with their symbols 
and atomic weights. Where the Latin name differs from the English it is 
added in brackets. The fourth column supplies examples of one or two of 
the many important compounds of these elements, with the formula of 
each compound. It should be noticed that some of these compounds have 
more than one name. 

Fire^ Earth, Air, and Water not Elements. — Some of the ancients 
used to speak of fire, earth, air, and water as elements, but we can now 
understand why the chemist does not regard them as elements. Fire is 
only a state or condition of matter ; the solid earth is made up of numerous 
substances, most of which are compounds; air consists of a mechanical 
mixture of gases, chiefly nitrogen and oxygen, without any chemical union 
between them ; and water is a compound formed by the chemical union of 
the two gases oxygen and hydrogen. 

I. Non-metallic Elements, 



Names of Elements 



Boron . 

Bromine 
Carbon . 



Chlorine 
Fluorine 

Hydrogen 
Iodine . 
Nitrogen 




B 



Br 
C 



CI 
F 

H 
I 

N 



II 

80 
12 



35-5 
19*1 

I 
126-5 

14 



I B2O3, boron trioxide or boric 
anhydride 

HBr, hydrobromic acid 

CO2, carbonic acid or carbon 
dioxide ; CaCO,, calcium car- 
bonate 

HCl, hydrochloric acid 

HF, hydrofluqyic acid ; CaFj, cal- 
cium fluoride or fluor-spar 

H5O, water ; CH^, marsh gas 

HI, hydriodic acid 

NH„ ammonia; HNO,, nitric acid 
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I. Non-metallic JElez/tenls— continued. 



Names of Elements 


Sym- 
bols 


Atomic 
Weights 


Compounds (chiefly Binary) 


Oxygen . 
Phosphorus . 
Selenium 
Silicon . 
Sulphur. 


o 
p 

Se 
Si 
S 


i6 

78 
28 

32 


HgO, water ; PbO, lead oxide 
PgOj, phosphoric pentoxide 
SeO,, selenious anhydride 
SiOj) silica or silicon dioxide 
HjS, sulphuretted hydrogen ; 
Hj{S04, sulphuric acid 





11. 


Common Metals, 


Names of Elements 


Sym- Atomic 
bols Weights 


Compounds (chiefly Binary) 


Aluminium . 


Al 27-3 


AI2O3, alumina or aluminium oxide 


Antimony (Stibium) 


Sb 122 


SbClj, antimony trichloride 


Arsenic . 


As 75 


AsgOj, white arsenic or arsenic 
trioxide 


Barium , 


Ba 137 


BaO, baryta ; BaS04, barium sul- 
phate or Heavy Spar j 


Bismuth 


Bi 210 


BiCl,, bismuth chloride 1 


Calcium 


Ca 40 


CaO, lime or calcic oxide ; CaSO^, 
calcium sulphate 


Cadmium 


Cd 112 


CdO, cadmium oxide 


Chromium 


Cr 52-4 


Cr^O,, chromium trioxide 


Cobalt . 


Co 59 


CoClj, cobalt chloride j 


Copper (Cuprum) '. 


Cu 63-5 


CuO, black oxide of copper , 


Gold (Aurum) 


Au 196-2 


AuClj, gold chloride 


Iron (Ferrum) 


Fe 56 


Fe^Oj, red oxide of iron i 


Lead (Plumbum) . 


Pb 207 


PbO, litharge or lead oxide 


Magnesium . 


Mg 24 


MgO, magnesia 


Manganese . 


Mn 55 


MnOg, black oxide of manganese 


Mercury (Hydrargy- 
rum) 
Nickel . 


Hg 


200 


HgO, mercuric oxide 


Ni 


59 


NiO, nickel oxide 


[ Platinum 


Pt 


197 


PtCl4, platinum chloride 


Potassium (Kalium) 


K : 391 


KjO, potash ; KHO, caustic potash 


Silver (Argentum) , 


Ag 


108 


AgCl, silver chloride 


Sodium (Natrium) . 


Na 


23 


Na^O, soda ; NaHO, caustic soda ; 
NaCl, salt 


Strontium 


Sr 87-5 


SrO, strontia or strontium oxide 


Tin (Stannum) 


Sn 118 


SnOg, tinstone or oxide of tin 


Zinc 


Zn 65 


ZnO, zinc oxide ; ZnClj, zinc 






chloride 



72. Preparation and Properties of Ozyg'en.— Oxygen gas exists in a 
free state in the atmosphere, but it is there largely mixed with another gas 
called nitrogen, the nitrogen forming about four-fifths and the oxygen one- 
fifth of the air. Pure oxygen can be most conveniently prepared from a 
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subslance called potassium chlorate. To do this we take a quantity of this 
substance, powder it in a mortar, and then dry it well, so as to drive ofl 
any moisture it may contain. We then mix it with about one-third it! 
weight of black oxide of manganese, as this substance enables us to dccom- 
pose the potassium chlorate at a less heat than would be otherwise required. 




The 






cblorate thus pre- 
pared is then 
placed, in a flask 

glass which is 
fixed on a stand. 
Through a hole in 
the cork of the 
flask a glass tube 
is passed, and this 
[ul)e is bent so 
that it dips into 
the water con- 
called apneumalic 
trough. In the 
I pneumatic trough 
y IS placed a bee- 
hive-shaped shelf, 
Fiij. i5.-Preparai:o]iofO«ygt>i. having a hole in 

the side of the 
shelf for the bent delivery tube to pass into, and a hole at the top of the 
shelf for the gas to rise through. A glass bottle or jar is now filled with 
water and placed on the beehive shelf, so that its moulh still remains under 
water. The apparatus is now ready. The flask is gently heated, and after 
the air has been driven out the bubbles of gas that come off are allowed to 
pass up into the bottle and displace the viater. When the bottle is full of 
the gas it is gently lifted off the shelf, its mouth being still kept under 
water, and a ground -glass plate or a small tray is placed over the mouth. 
It can then be removed from the trough, and we have a boltie of pure 
oxygen gas. Two or three more bottles may be collected in the same way. 
The oxj^en is obtained from the potassium cblorate, which is decomposed 
by heat into potassium chloride and oxygen, thus ; 

KC10, = KCl + 0y 
Oxygen gas may also be obtained by strongly heating in a hard glass tube 
a. red powder called mercuric oxide. This splits up into the metal mercury, 
which can be seen to collect on the cooler parts of the tube as a metallic 
mirror, and the gas oxygen. This change may be represented thus ; 

HgO = Hg + 0. 
We can now proceed to examine this gas. Among its properties we notice 
that it is colourless and without smell. In one of the jars place a glowing 
splinter, that is, a splinter with only a. red-hot tip at the end. The wood 
at once bursts into flame and burns vigorously. Now take a little sulphur 
and put it into a small iron spoon called a deflagrating spoon. Set tire to 
ihe-sulphur, and notice that it bums with a pale blue tlame. Plunge the 
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lighted sulphur into a jar of oxygen, and it will burn much more brightly, 
though the oxygen itself does not bum. We thus learn from these experi- 
ments that oxygen is a colour ie^ gas that supports combustion, and that sub- 
stances bum in oxygen with much greater energy than in air. Many 
substances which will scarcely bum at all in air burn violently in oxygen. 
Even iron can thus be made to burn in oxygen. If we make a watch-spring 
red-hot for a short time it loses its elasticity, and can be twisted into the 
form of a spiral after cooling. Fasten one end of this spiral into a piece of 
cork, and dip the other end into a little powdered sulphur. Set fire to the 
sulphur and immediately plunge it into a jar of oxygen. The sulphur sets 
fire to the Steel spring, which burns with great splendour, and drops of 
melted oxide of ironfall down (Fe3 + 04 = Fe304). It must be carefully 
noticed that while these different substances have been burning they have 
not been destroyed ; that is, they have not disappeared entirely and gone 
into nothing. They haye entered into combination with the oxygen, and 
new substances have been produced. No element can be destroyed ; it can 
be made to change its form and enter into new combinations, but it still 
exists. Hence mcUter is indestructible. Wood contains, along with other 
things, the element carbon, and during the process of burning or combustion 
this carbon unites with the oxygen to form an invisible gas called carbonic 
acid. We represent this chemical action thus : 

C + 0,= C02. 

If we close the mouth of the oxygen bottle in which a splinter is burnt, 
then pour in a little clear lime-water and shake it up, we shall notice that 
the lime-water becomes milky. This proves that the bottle contains some- 
thing beside oxygen, for on shaking a bottle of pure oxygen with lime-water 
no milkiness is produced. The milkiness is caused by the carbonic acid 
uniting with the lime in the water to fomi an insoluble substance called 
calcium carbonate. On burning the sulphur a pungent smell was noticed. 
This is produced by a gas called sulphur dioxide, which is formed when 
sulphur bums in air or oxygen (S -I- 02 = 80.^). On placing a little water in 
the jar in which sulphur has been burnt, this sulphur dioxide is dissolved, 
and the water acquires a sour taste and the power of turning blue litmus 
red. Bodies possessing this taste and this power are called acids. 

We thus see that when bodies burn in oxygen neither the substance 
burnt nor the oxygen is destroyed, but that they unite together to form 
chemical compounds, and that these compounds possess properties different 
from their constituents. 

73. Oxides and Oxidation. — Oxides are binary compounds formed by 
the union of oxygen with other elements. The process of uniting with 
oxygen is called oxidation. Thus carlx)nic acid (COj)! sulphur dioxide 
(SO2), lime or calcium oxide (CaO), soda or sodium oxide (Na^O), and 
phosphorous pentoxide (P2O5) belong to this class of compounds. Some 
elements, as iron, form more than one oxide. We have FcgOj, ferric 
oxide, and Fe^Oj, magnetic oxide or triferric tetroxide. The oxides formed 
by the union of oxygen with the non-metallic elements (except water, H2O) 
are compounds which dissolve in water to form acids. Many of the metals 
by their union with oxygen form oxides of an opposite character, called 
bases. Some of these dissolve in water, and produce liquids of a soapy, 
disagreeable taste. They restore the blue colour to litmus reddened by an 
acid, and are said to possess alkaline properties. Acids and Imses thus 
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compounds formed by their reaction ai 



neutralise one another, and the c 
called in chemistry salts. 

74. Combnition. — Oxidation is a chemical action, and like other che- 
mical aclions is accompanied by a development of heaL Sometimes, as 
when iron rusts or oi^nic matter decays, oxidation goes on very slowly. At 
other times the oxidation goes on so rapidly, and the heat developed is so 
great, that light is produced. It is then called combuslian. Thus, com- 
bustion is rapid chemical action attended with great heat and light . Inordi- 
nary combustion the fuel or substance burnt (coal, coal gas, wax, tallow, 
&c.) consists of compounds of carbon and hydrogen. The products of this 
combustion are two oxides — carbonic acid, CO,, and water vapour, H,0. 
75- Freparatiini and Fropertiei of Hydrogen.— Hydrogen is another 
important gas that 
can be easily pre- 
pared and collected, 
so that its properties 
may be ascertained. 
To do this we require 
a flask with a cork 
hat has two holes 
bored in it. Into 
ine of these holes we 
ilace a funnel having 
histle-shaped cup 
s a the top, so that 
1 qu d can be pouted 
down it into the flask. 

Fig 16 — PrepataL jn of HydrOHEn ^"'^ '''* Other hole 

of the cork the bent 
delivery tube is placed to carry the gas given off to the pneumatic trough. 
Before placmg the corl. mto the flask we put in a few pieces of line. Then 
the cork with the tubes Is put in, and sufficient water is poured down the 
thistle funnel to cover over the zinc to the depth of half an inch. A small 
quantity of sulphuric acid is now added to the water, and the zinc soon 
begins to react with the dilute sulphuric acid, and a brisk bubbling or 
effervescence is caused by the escape of hydrogen gas. At first the 
hydrc^n is mixed with the air that was in the flask, but after a short time 
it comes off pure. Two or three jars may now be collected in the same 
way as the ox^en was collected. 

Take a jar of the colourless hydrt«en thus collected, and keeping its 
mouth downwards put into the jar a lighted taper. The hydr<^en takes 
lire and bums with a pale blue flame, but the taper on being pushed into 
the jar goes out. We thus see that hydrogen is a combustible gas, but not 
a supporter of combustion. Take another jar and turn its mouth upwards ; 
leave it thus for about half a minute, and then bring a lighted taper to the 
mouth. No effect is produced, as the gas has all passed into the atmosphere. 
Hydrogen is the lightest of all gases, and when a jar is lefi mouth upwards 
for only a short time all the hydti^en escapes into the air. When hydrogen 
bums it unites with the oxygen of the air to form water, H.j-l-0==HjO 
(see Combustion). 

76. Water — Chemical CompOBition of Water — Synthesis 
and Analysia. — Whether water exists in the form of solid 
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ice, of a liquid, or of a gas, it has the same chemical composition, 
and always consists of hydrogen and oxygen chemically united. 
The formula of water is HjO, and since the atomic weight of 
hydrogen is i and of oxygen 16, we have 2 parts by weight 
of hydrogen to 16 parts by weight of oxygen, Le, water 
consists of eight-ninths of oxygen by weight and one-ninth of 
hydrogen by weight ; but its compo- 
sition can be proved in two ways — by 
synthesis and by analysis. 

Synthesis (Gr. syn^ together; thesis, 
a putting) is the building up of a com- 
pound out of the elements that com- 
pose it. To prove that water is pro- 
duced synthetically when hydrogen 
burns in air or oxygen, we take the 
apparatus used for preparing hydro- 
gen, and in place of the delivery tube 
we arrange the apparatus as shown 
in the figure. The thicker horizontal 
tube is called a drying tube ; it con- 
tains pieces of calcium chloride in 
order to dry the hydrogen, so that we 
may be sure that no water vapour is 
carried along in the escaping gas. A ^'°- i7.-Synthesis of Water. 

perfectly dry tube is prepared, and after the gas has been 
escaping some time so that all the air is carried out, we 
light the escaping gas and bring over it the dry tube. The 
water vapour formed by the combustion of the hydrogen is 
condensed on the cold sides of the tube, and drops of water 
may be seen trickling down. Thus water is proved to be formed 
when hydrogen burns. 

On mixing oxygen and hydrogen in a stout soda-water bottle in the pro- 
portion of one volume of oxygen to two volumes of hydrogen, and applying 
a light, the two gases unite with a loud explosion to form two or three 
drops of water. 

Atialysis (Gr. a«a, apart ; and lusis^ a loosening) is the breaking up a 
compound into the elements that compose it. To analyse water— that is, 
to separate it into its two elements — we require the aid of electricity from 
a galvanic battery. This electricity has the power of decomposing water so 
as to split it up into its constituent elements. The apparatus required is 
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called a voltameter, and is shown in the figure. The wires proceeding ftom 
a baltery aie made to [lass into the vessel V, and at the ends of these 
wires a piece of plitinum-foil is attached. 
The water in the vessel V is slightly acidu- 
lated with sulphuric acid, in order to malte it 
a good conductor of electricity. Two tubra 
are filled with the saroe kind of water, and 
placed mouth downwards in the vessel V, so 
thai one of the platinum terminals at the end 
of each wire is under the mouth of each tube. 
On setting the galvanic battery in action the 
' electricity passes into the water, and gas 
bubbles are seen tc rise from each slip of 
platinum, and these collect in the tubes placed 
to receive them. More gas is given off from 
one pole than from the other, and when one tube is full the other is only half 
full. Take away the tube first full, keeping the thumb over the end. In- 
vert the tube, quickly remove the thumb, and apply a light. The gas bums 
with a pale blue flame, showing that It is hydrc^n. AAer the second lube 
is filled, it maybe removed in thesame way, and dipping a glowing splinter 
into this gas, the wood bursts into fiame, and the gas is thus seen to be 
oxygen. This proves analytically that water consists of two VDlumis of 
hydrogen united to one velunie of oxygen. 

77. Carbon is found free in nature as diamond and as graphite. Diamond 
is a crystallised form of carbon, the crystals of diamond Wing an octa- 
hedral shape. Diamond Is the hardest su1)s[ance known, has a specific 
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Fit 19.— Diamond Ctjila] Fig. jo.— Crystal of GiaphiK. 

gravity of 3 3, and when burnt in oxygen by means of an electric current, 
forms carbon dioxule, COj, just as other forms of carljon do. 

Graphite, also called plumbago or black-lead (though it contains no 
lead), 13 also a natural variety of carbon, sometimes found crytallised in 
hexagonal plates, and is much used for making black-lead pencils. lis 
specific gravity is only x 2, but it is shown to 1^ carbon because It yields 
the same gas on combustion as other varieties of carbon. 

Carbon also occurs in different artificial substances, as charcoal, coke, 
soot, lampblack, &c. By placing one or two pieces of wood in a test-tube 
of hard glass, and strongly heating this in a slanting position, a piece of 
wood charcoal may l>e prepared. Steam, white fumes, and a tarry liquid 
are driven out of the wood, and the charcoal is left behind. 
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78. Oxidei of Carbon. — Carbon unites with oxj^en to form two oxides, 
carbon monoxide (CO) and carbon dioxide (COj). Carbon dioxide is also 
known as eaibonic acid and carbonic anhydride. This last oxide contains 
twice as much oxygen as the other, and il is so important a gas that we 
must give particular attention to the way of preparing it, and to its chief 
properties. As already explained in speaking of combustion, carbon dioxide 
is produced when carbon, or any substance contaJning carbon, is burnt in 
air or oxj^en (C + 0,= CO^). If we bum a candle fastened to a wire in a 
long glass cylinder containing air, and cover the mouth of the cylinder with 
a piece of paper, we shall see that the candle burns brightly at first, but 
soon becomes feeble, and at last goes out. It goes out because it has 
ttsed up the oxygen in the formation of carbon dioxide. Animals give otf 
carbon dioxide during the process of breathing, and it is one of the gases 
produced during the decay of organic bodies. There are, however, other 
interesting modes of preparing this gas. Limestone or chalk is a chemical 
compound called calcium carbonate, and contains three elements, a metal 
calcium, the solid carbon, and 
the gas oxygen. Its chemical 
formula is represented thus : 
CaCOr If this limestone be 
strongly heated it suffers de- 
composition, for carbon di- 
oxide is driven out of it, a d 
the oxide of calcium is 
behind. We can repres n 
this change thus : CaCO 
CaO + COj. This means th 
the calcium carbonate split up 
into the two binary compou d 
calcium oxide or lime (CaO = 
and carbon dioxide (CO 
This is an experiment earn 
on every day on a laige «:a j. p ,„ r, 

in great furnaces called I me ^ 

kilns. The carbon dioxide escapes inio the air, and the in e s e be 
hind as a white hard solid. This white hard solid, CaO, is often spoken 
of as gaicitime. On adding water to the quicklime, chemical union takes 
place, with the development of so much heal that some of the water is 
turned into steam. Quicklime united to water forms slaked lime (CaO -l- 
HjO^CaHjOj). We cannot, however, easily collect the carbonic add 
driven out of limestone by heat. But there is a way in which this gas can 
be collected. To do this we place a few pieces of calcium carbonate in a 
bottle 6tted up as shown in the figure. Limestone, chalk, and marble are 
all forms of calcium carbonate, so ihal pieces of any of these substances will 
serve. Carbonates are a class of bodies formed by the union of carbonic 
acid (COj) with the oxide of a metal, and one of the most distinguishing 
marks of carbonates is that they effervesce when any acid is added to Ibem. 
This effervescence or bubbling is simply due to the carbon dioxide that is 
driven off. If, then, we add to the pieces of calcium carbonate placed in 
the bottle some dilute hydrochloric acid, the carbon dioxide is driven off. 
The gas may either be collected at the pneumatic trough, or, as it is 1 J limes 
heavier than air, it may be collected by simply allowing it to fall dowi ' 
lift out the lig' 




the bottom of the jar and gradually li 



lighter i 
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Carbon dioxide is a colourless gas that is neither combustible nor sup- 
ports combustion. If a lighted candle be placed in a jar of the gas, it is at 
once extinguished. A small animal placed in a jar of the gas is soon killed. 
Water dissolves about its own volume of the gas, and the solution of carbon 
dioxide in water has a feeble acid taste. To prove the presence of carbonic 
acid the following test is employed. A small quantity of lime (CaO) is dis 
solved in water, and the clear solution obtained is called lime-water. On 
adding lime-water to a vessel containing carbonic acid the lime-water 
becomes milky, owing to the formation of insoluble calcium carbonate, 
which is said to fall down or be precipitated. The lime in the water unites, 
with the carbon dioxide to form the calcium carbonate thus : CaO + CO.^ = 
CaCO,. It is the particles of this white insoluble calcium carbonate that 
give the water its milky appearance. It is of great importance to notice 
that calcium carbonate is insoluble in pure water. If, however, we take 
some lime-water in a glass beaker, and cause carbonic acid to bubble through 
it for a considerable time, we shall be able to notice that although it be- 
comes milky at first, yet, on continuing to bubble in more carbonic acid, it 
becomes clear. We thus learn that although, as stated above, calcium car- 
bonate is quite insoluble in pure water, it dissolves in water which contains 
carbon dioxide in solution. On boiling the clear solution just obtained the 
carbon dioxide is driven off, and the calcium carbonate is again precipitated. 
Rain-water dissolves a little carbonic acid as it falls through the air, and it 
obtains more as it percolates through ground containing decaying anima! 
and vegetable matter. In this way it becomes able to dissolve calcium 
carbonate, and in those parts of the country where chalk and limestone 
rocks abound parts of the rocks are slowly dissolved away, and the water 
of the springs and streams contains small quantities of calcium carbonate in 
solution. Such water is called * hard water,* and when used for washing 
purposes it only * lathers * with difficulty. Water which contains no calcium 
salts in solution, such as pure distilled water, or rain-water as it falls, is 
* soft,* and the soap * lathers ' easily with such water. 

79. Distinction between Componnds and Mixtures. — We must care- 
fully distinguish between mixing things together, and causing them to 
unite together so as to form a new compound. In some few cases elements 
unite at once on being brought into close contact, but frequently heat, 
electricity, or some other force must be used to bring about chemical 
union. If we take some iron filings and sulphur we may mix them together 
in any proportion, but they do not unite. With a magnifying glass the 
particles of the iron and the sulphur can be separately distinguished, and 
by throwing the mixture into water we shall see that most of the heavy 
particles of iron sink at once to the bottom, whilst the lighter sulphur 
either floats or sinks much more slowly ; or we may dip a magnet into the 
mixture, and in this way the magnet, which attracts iron and not sulphur, 
may be made to pull out all the metal and leave the sulphur behind. Now 
take fifty-six parts by weight of iron and thirty- two parts by weight of 
sulphur, and heat the mixture in a hard glass tube. After a time you see 
a deep red glow quickly spread through the mixture as chemical union 
takes place. If now you examine the material, you will see that you can 
no longer distinguish the iron and the sulphur separately, nor is the sub- 
stance any longer attracted by the magnet. A new substance has been 
formed, having properties different from those of the two elements com- 
posing it. This new substance is a chemical compound called sulphide of 
iron. Notice, then, ( I ) that in a mixture the sul^stances can be separated 
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by mechanical means, and that the substances forming the mixture may be 
mixed in any proportion, while the properties of a mixture partake of the 
properties of the substances put together ; (2) that in a compound the 
substances unite together so that they cannot be separared by mechanical 
means, and the union takes place in certain definite proportions, viz. that 
of their atomic weights or simple multiples thereof, and that the compound 
is a new substance, possessing properties different from the elements 
composing it. 

80. Distinction between Physical and Chemical Changes in Katter. — 
If we take a piece of iron and heat it till it becomes red-hot, it is still iron. 
Hot iron has the same composition as cold iron. If we take the piece of 
iron and magnetise it with a magnet, so that it will attract other pieces of 
iron, it is still iron ; for magnetised iron has the same composition as iron 
not magnetised. The changes that the iron has undergone have given it 
new properties, but they have not altered its composition. Such changes 
are called physical changes, and the physical properties of a body refer to 
its condition, whether solid, liquid, or gaseous. Hardness, colour, density, 
crystalline form, and the state of the body as regards its heat and electricity 
are physical properties. But wherever there is a chemical change, whether 
it take place slowly or quickly, we have a change in composition. Thus if 
iron be exposed to moist air, it takes up something from the air, and 
becomes covered with a red substance called rust. Rust is a new substance, 
of a different composition as well as of a different colour, and with the 
force of cohesion much less than in the iron ; and as it is formed by the 
chemical union of iron and oxygen, it is a compound. The formation of 
rust is an example of a chemical change. The only property that chemical 
action is powerless to alter is that of weight. There is neither loss nor 
increase of weight in any chemical action, for matter can neither be created 
nor destroyed. 16 parts by weight of oxygen, whether grains or ounces or 
pounds, always unite with two parts by weight of hydrogen to produce 18 
parts by weight of water. When iron rusts, the oxide of iron thus formed 
(FcjOj) is equal in weight to the iron and oxygen that enter into combina- 
tion, twice 56 parts by weight of iron (56 is the atomic weight of iron) 
uniting with three times 16 parts by weight of oxygen. If pure marble 
(calcium carbonate) be strongly heated, it is decomposed into quicklime 
(CaO) and carbon dioxide (CO2), and the united weights of the substances 
thus produced are equal to the weight of calcium carbonate taken. 

81. Laws of Chemical Combination. — The student is now able to 
understand the fixed laws which regulate the relative proportions in which 
the elements unite to form the numerous compounds. 

Law I. — The same chemical compound always contaifts the same elements 
united together in the same proportions. This may be called the law of 
constant composition ox fixed proportions. Water (H.^O) always consists of 
16 parts by weight of oxygen united to 2 parts by weight of hydrogen, so 
that in 100 parts by weight of water there will be 88 -S parts by weight of 
oxygen and ii'i parts by weight of hydrogen. Carbonic acid (CO.J is 
always composed of 12 parts by weight of carbon and 32 parts by weight 
of oxygen, its per-centage composition being invariably 27^ of carbon and 
72^ of oxygen. 

Law 2. — When tivo elements are capable of uniting in more than one 
proportion^ these proportions will be a simple multiple of each other. 
Thus carbon forms two compounds with oxygen, carbon monoxide (CO) 
and carbon dioxide, or carbonic acid (CO2). In the first we have 12 parts 
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by weight of carbon uniting with 1 6 parts by weight of oxygen, and in the 
second we have 12 parts by weight of carbon uniting with twice 16 parts 
by weight of oxygen. We have never a compound of oxygen formed in 
which a fractional part of 16 is taken, but always some multiple of 16. So 
for other elements. Each atom of one element unites with i, 2, or 3 atoms 
of the other element, or in some other simple ratio, because the atom is 
indivisible. This is called the Icnv of multiple proportions. 

Law 3. — Each element in combining with other elements^ or in displa- 
cing others from their compounds^ does so in a fixed numerical proportion. 
This is known as the kew of equivalent proportions. 

Law 4. — The combining or molecular weight of a chemical compound is 
the sum of the combining weights of the atoms of the elements composing it 
contained in a molecule of the compound. This may be called the law of 
molecular weights, 

82. Modes of Chemical Action. — Most examples of chemical 
change may be referred to the following divisiojis : — 

(i) Cases of direct combination of elements (formation of a 
compound by synthesis) : 

S + O2 = SO2 
Sulphur. Oxygen. Sulphur 

dioxide. 

(2) Cases of simple decomposition {analysis of a com- 
pound): jjQ ^ H, + O 

Water. Hydrogen. Oxygen. 

(3) Cases of decomposition by substitution or displace- 
™^^^ • Zn + H2SO4 = ZnS04 + Hj 

Zinc. Sulphuric Zinc Hydrogen, 

acid. sulphate. 

(4) Cases of double decomposition : 

2HCI + CaCOa = CaCla + H2O + CO2 

Hydrochloric Calcium Calcium Water. Carbon 

acid. carbonate. chloride. dioxide. 



CHAPTER VI. 

ROCKS— THEIR COMPOSITION, CLASSIFICATION, 

AND ARRANGEMENT. 

83. Having now learnt something about the properties of 
matter, and the various forces which act upon it so as to pro- 
duce changes in it, and understanding the difference between 
physical and chemical changes, we are ready to begin a more 
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particular inquiry into the different mtisses of matter which 
make up our globe, the land, the sea, and the surrounding air. 
We will begin with the solid part of the globe, which we call 
the land. 

84. Meaning of Crust. — The science which treats of the 
composition, arrangement, and changes of the materials forming 
the solid part of the earth is called Geology. Geologists often 
speak of the * crust of the earth.* By this term we are to 
understand the exterior portion so far as it has been brought 
under our observation and reasoning. Hence the term crust is 
used to denote the * upper or outer layers of the earth's mass.* 
We have no means of knowing what is now the real structure 
and condition of the earth's interior, but by inspecting quar- 
ries, railway cuttings, sea cliffs, ravines, wells, mines, and the 
materials sent out by volcanoes, we can learn something about 
the outer parts of the solid earth, and it is to this outer portion 
that we refer when we speak of the * crust' The total thick- 
ness of the earth's crust penetrated by man is only a few 
thousand feet, and the highest mountains are not more than 
30,000 feet high. Although our reasoning may lead us to infer 
something about the rocks to a depth of nearly fifty miles, yet, 
considering that the centre of the earth is nearly 4.000 miles 
from the surface, we have only knowledge of but a small 
fraction of the earth's radius. 

85. Definition of Bock. — Every one has noticed that the solid parts of 

the earth consist of distinct substances, such as clay, limestone, chalk, 
sand, coal, peat, granite, &c. ; and to these several substances which form 
the materials of the earth's crust we give the name rock. Some are hard 
and firm, others are soft and loose ; but all alike are called rocks. Hence 
we see that while in ordinary language the word rock denotes a great mass 
of hard stone, in geology a rock is any mass of natural substance forming 
part of the earth's crust. In this sense, loose sand, gravel, and soft clay 
are as much rocks as hard limestone and granite. 

86. The Katerials of which Bocks are composed Rocks are formed 

of various materials called minerals. If we take a piece of sandstone rock, 
or a piece of granite, we shall probably be able to notice that the rock is 

made up of different substances. 

87. Let us first examine a specimen of sandstone. On looking at it 

carefully, especially if we use a magnifying glass, we see that it is composed 
of little rounded grains of a glassy-looking substance cemented together. 
In some specimens these grains are larger than in others. This cementing 
material is not the same in all sandstones, llut in our specimen it is formed 
of calcium carbonate, for when we drop a little dilute hydrochloric acid on 
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the -rock there is an effervescence. The cementing material is dissolved, 
but the little rounded grains, which consist of quartz, are not affected by 
the acid. The sandstone, then, consists of quarti grains cemented tc^ether 
by calcium carbonate. It is called a calcareous sandstone. 

88. Now lake a piece of granite, and break it with a hammer to 
get a clean-cut face. On looking at this face we see that the rock is made 
up of three different substances. 

One of these has a glassy appearance like the grains in the sandstone, 
and is so hard that we cannot scratch it with a knife. Thi^ is quartz. 
Another of the substances is of a dull white at pinkish colour. It lies in 
long smooth-faced crystalline patches, which easily break along a number 
of smooth parallel sui&ces 
having a pearly lustre. 
It can be scratched with 
difficulty by the point of a 
knife. This substance is 
called felspar. The third 
substance consists of brigh t 
I glistenii^ plates, some- 
. times of a dark colour, 
I which can Ite easily 
[ scratched, and which 
T readily split into trans- 
parent leaves. This is 
mica (Lat. tnke, to glis- 
ten). Notice that these 
substances do not occur 
in any definite order, but 
are scattered about through the stone irregularly, the felspar occurring in 
some specimens in larger crystals than in others. 

Hence we see that granite conasts of a mixture of three substances, 
called quartz, felspar, and mica, the felspar being in greatest quantity. 
Each of these substances possesses properties more or less peculiar to itself, 
such as hardness, solubility in acids, specific gravity, crystalline form, way 
of splitting, &c. Moreover, each of these substances has a constant 
chemical composition. 

Thus quartz is a binary compound known in chemistry as silica, and a 
molecule always consists of one atom of silicon united to two atoms of 
oxygen (SiO,). The calcium carbonate is represented by the formula 
CaCo, It is a ternary compound, formed of the three elements calcium, 
carbon, and oxygen chemically united. It may also be regarded as formed 
of the two oxides, CaO, calcium oxide or quicklime ; and COj, carbon 
dioxide (CaO,CO,). 

Felspar contains four elements. Its formula mSy be thus represented : 
AI,0„K,0,6SiOj. This shows it to be made up of three oxides, Al,Oj, 
alumina ; K,0, potash ; SiOj, silica. 

89. Bodies like these, which have a definite chemical com- 
position and constant physical properties, are called minerals ; 
and rocks are formed either of one mineral, or more generally 
of a mechanical mixture of minerals. Hence we give the 
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following definition of a mineral — A mineral is a naturally 
formed inorganic substance which has a constant chemical com- 
position and constant physical properties This definition may 
be understood to include such substances as coal and chalk, 
which are the mineralised remains of plants and animals re- 
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crystals only 



spectively. Even water and the gases of the atmosphere may 
be said to belong to the mineral kingdom of nature, as plants 
and their parts are said to belong to the vegetable kingdom, 
and animals and their parts to the animal kingdom. 

90. Orel are mineiats from which useful nietais may be extracted. 
Thus ibstone. or oxide of (in (SnO,), galena, or sulphide of lead (PbS), 
and red hematite, or ferric oxide (FejO,), are ores. The metallic ores occur 
scallered through other rocks chiefly in narrow veins or threads, called 
melalHc vHtts. 

Some metals are found free, that is, uncombined with my other element, 
and they are then said to be naiive. Cold, silver, platinum, nnd copper 
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91. Chief Book-fonnlng KinsrUi. — The total n 
lis is very large, but many of them are very ra 
part of the earth's crust. The special study of ^ 
e called Minera!<^. A few of the rtjost important minerals will 

now be described. 

92. ftn«rtl.~As already mentioned, this mineralconsistsof pure silica, 
and when crysliUlised is known as rocl; -crystal. The crystals when com- 
plete consbt of six-sided prisms terminated at each end by six-dded 
pyramids. (See par- 31.) 

Natural crystals, however, ate seldom perfect and tegular at both ends 
(see fig. 23). They are often matted tt^eiher, and some of the faces ex- 
tended at the expense of others. Bui the angles formed by the meeting of 
the faces are always of exactly the same siie fot the same kind of mineral. 
Rock-ctyst^l when pure is colourless, when slightly tinted with purple 
it is called amilhyst, and when tinted yellow it is called cairngorm. 

The non-crystalline ot amorphous, varieties of quartz a.n!—Chalci<l<my, 
a semi-transparenti waxy-looking form of quarts. Agate, a variety of 
quartz coloured 1^ metallic oxides, the colours being often arranged in 
concentric bands. It is often cut for brooches and other ornaments. Mini, 
a dark-coloured, dull-looking variety of silica, which breaks with a shell, 
like fracture. It often occurs in irregularly shaped nodules in chalk. 
Homitone and chert are impute varieties of flint. 

93. FelBpiw. — Silica enters largely into combination with other bases 
to form a class of compounds called lilicales. A silicate is formed by the 

union of silica with the oxides of metals, the 
metallic oxides being called bases. These sili- 
cates take a lai^ share in the composition of the 
rocks called igneous and melamorfkic (see Classi-, 
fication of Rocks) Common felspar is a silicate 
of alumina and potash, and its composition may 
be represented thus AIjO, 3SiOi-l-Iv,0,3SiOi, 
It thus contains four elements and may t>e 
looked upon as consisting of three oxides 
~~ ~^ chemically united Its colour vanes from white 
to hght red Its crystals have the shape of an 
__ I ,p I oblique rhombic pnsm It is only scratched by 
14 LT^staioifeipai ^ [jnife point with difficulty Some larieties of 
felspar contain soda (NajO) or lime (CaO) instead of potadi Felspar is 

'■" St abundint mineral 

94 MiBB _-This mineral is also a silicate There 
; several kinds of mica, but all contain silica, 
imlna, and potash, and the mineral is easily distin- 
guished from others by readily splitting into lamime 
or thin plates, which are both flexible and elastic. It 
is soft enough to be scratched by the finger-nail. It 
derives its name from its glistening appearance. 

Other minerals composed of silicates are ta/c, ser- 
>- Ciystal of pentme, olivine, aagite, and IwmhUnde. 
**'™- 9S. O»loit« is the namegiven to the mineral formed 

by the union of oxide of calcium and carbonic acid, CaO + COp Its 
chemical name is calcium carbonate, or carbonate of lime (CaCO,)- It 
is easily scratched with a knife, and dissolves with effervescence in hydro- 
chloric acid. There are several varieties of this mineral. Iceland spar 
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is the pure transparent form, having its ciyalals in rhonibohedrons, and e: 
hibiting tlie curious optical property of double refraction. 

Dog-tooth spar and nail'head 
are other crystalline forms of 

96. Tkrietiei of Caleite or 
C&lciiun Carbooftte. — Statuary 
marbk appears in minute gran- 
ular cryslals matleii tt^ther. 
. Limutone isniostlyan amorphous 
form of calcium carbonate. Sta. 
lactitis are semi -translucent masses 
of calcium carbonate found hang- 
ing on the toofe of some caves. ^"^ le.-Co'sul of I«l™d Spar. 
Stalagmite! are similar masses found on the floors of caves. Travertine 
is a calcareous deposit from springs which have contained calcium car- 
bonate in solution. As the water gives off carbon dioxide, and also as it 
evaporates, the calcium carbonate is deposited. When light and porous 
this deposit is called calcareous tuff or tufa. 

117. Dolomite, or magnesian limestone, is a mixture of calcium car- 
bonate and magnesium carbonate. 

98. flypinm is a mineral composed of calcium sulphate, or sulphate of 
lime (CaSO,). It is easily cut with a knife, and does not effervesce with 

Seleniie is a crystallised transparent variety of gypsum. 
Alabaster is an amorphous translucent variety of gypsum. 

99. Barytes, or heavy spar, is a sulphate of barium (BaSO,). It is a 
very heavy mineral of a white colour, and often found in mineral veins. 
It can be scratched with a knife, but is insoluble in adds. 

loa Boek-salt has the same chemical compo»tion as ordinary table 
salt, and is known to chemists as sodium chloride (NaCl}. It crystallises 

loi. Carbon is found as a mineral In two forms : as diamoiul, which is 
the hardest of all minerals ; and as graphite, plumbago, or black-lead. 
This last form was called black-lead because of its resemblance to the 
metal lead, but it has no lead in it, being nearly pure carbon. 

103. We may here point out the relative abundance of the various 
eltments forming the above minerals, as well as the most abundant of the 
minerals themselves entering into the cmst of the earth. The following 
tables, giving (i) the per-centage by weight of the elements in the earth's 
crust, and (2) the per-centage of the minerals in the earth's crust, are based 
on the assumption that the earth's crust consists of 3 miles of stratiRed 
rocks and 57 miles of unstralified or igneous rocks. They are given on 
the authority of Professor Prestwich. 

I. Per-ienlage of BUminIs in the Earth'i Crust, 



I. Oxygen . 


■ 50-0 


7. Potassium 


2. Silicon . 


. 25-0 


8. Carbon 






9. Iron 


4. Calcium . 


■ 4'S 


la Sulphur 


5. Magnesium . 


■ 3'S 


11. Chlorine 




[3. Other bodies . 



I. 


Felspar 


48 


2. 


Quartz 


35 


3- 


Mica. 


8 


4. 


Talc . . . .• 


5 


5. 


Carbonates of lime and 






magnesia 


I 
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Oxygen is therefore the most abundant element in the earth's solid 
crust, forming one-half of it by weight. Silicon is next, forming about 
one quarter of the earth's crust. Oxygen also forms eight-ninths of water 
by weight, and about one-fifth by weight of the atmosphere. 

II. TTie Per-centage of Minerals in the Earth's Crust* 

6. Amphibole (horn- v 
blende) . , ) 

7. Pyroxene (augite) , I i 

8. Diallage . . ,1 

9. Peridot (olivine) . / 
10. Clay (in all its forms) I 

II. Other substances . i 

It is thus seen that felspar is the most abundant mineral ; but it is also 
quite correct to say that silica (SiOg) is the most abundant compound, for 
it not only occurs separately, forming 35 per cent, of the crust, but it 
occurs in combination with other oxides to form felspar and other silicates 
mentioned above. 

103. Organic Eock Materials. — Besides the above minerals 
that enter into the composition of rocks, there are certain 
other mineralised substances that form considerable parts of the 
earth's crust, and which, being derived from the animal and 
vegetable world, are spoken of as organic rock material \ for 
only animals and plants have organs. The opposite of organic 
is inorganic or mineral. Coal, peat, and amber consist of 
organic matter derived from plants ; chalk and coral are or- 
ganic matter derived from minute animals. Hence they are 
not, strictly speaking, minerals, though often included under 
that name, and reckoned in the per-centage estimates just 
given. 

104. Coal.— Coal consists mainly of carbon, and compounds of carbon 
with hydrogen. 

Plants consist of carbon, hydrogen, oxygen, and nitrogen in various 
combinations. After vegetable matter has been buried in the earth it suffers 
decomposition, gives off various gases, such as car buretted hydrogen (CH J, 
called also marsh gas, and by colliers fire-damp, carbonic acid, and water, 
so that the residue becomes richer and richer in carbon. 

By compression, and alteration they change into peat, lignite, coal, and 
anthracite. The following table from Roscoe and Schorlemmer*s Chemis- 
try, which gives the per-centage composition of these substances, shows 
that the elements which make up woody fibre are the same as those which 
make up coal ; and as we pass from wood up to the kind of coal called 
anthracite we see how the per-centage of carbon increases, and how great 
a decrease there is in the per-centage of O and N. 

There is al^o a slight decrease in the per-centage of hydrogen. 





Carbo. ; HydroB« | ^J^"^"^ 


Wood . . 

Lignite from Colc^e . 
Earthy coal from Das . 
Cannel coal from Wigan 
Newcastle Hartley 
Welsh anthracite. . 


i 


50-00 6-00 44-00 
60-01 S'8S 1 34-10 
66-96 s-!S 1 27-76 
74-20 ; S'89 ' '9-90 
85'8i , S-85 i 8-34 
88-42 1 5-61 1 5-97 
94-05 ■ 3-38 ! 2-57 



The vegetable nature of peat is plain from its chemical composition, 
from its fibious appearance, and from its being foand in bo^y places 
where marshy plants grow and decay. That coal also is of vegetable 
occurrence is proved by its chemical composition, by the fact that peat 
under very great pressure is changed inio a black shining material resem- 
bling coal, by the numerous fossil plants found in coal, and by the fact that 
when a thin slice is examined under the microscope vegetable tissues and 
cells are distinctly visible. 

When peat and coal are burnt they pass off as gases, leaving a small 
quantity of incombustible mineral matter behind, which we call ash. 

Lignitt, or brown coal, is woody matter mineralised, but not to the 






noftr 



i, and is chiefly found on the shores 




105. All rocks which consist mainly of calcium carbonate are often in 
eluded under the term limestone, and ate said 10 be calcareous (Lai. calx, 
lime). The hard coverings of many small animals living in water are 
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secreted or separated from the matter held in solution, and as the aninmls 
die their remains accumulate nt the botloni. Chalk is a white rock com- 
posed almost entirely of calcium carbonate, with a few silicious remains. 

Rub ofFa little powder from the chalk into clean water, take a little of 
the sediment that falls to the bottom after washing, and place it on a glass 
slide under a microscope ; you will then see a number of minute shells and 
fragments of shells. Most of these shells are skeletons of minute animals 
called GlobigeriniE, animalsconsistii^ofamere speck of jelly-like material. 
Tbt Globigetirue l>elong to a group of animals called Foraminifera. Their 
small soft bodies are enclosed in variously shaped shells, which are usually 
made up of several chambers, the walls of which are pierced by numerous 
holes or foramina, through which thread-like portions of the animal's body 
protrude. It is a noteworthy fact that the ooze which is dredged up from 
many pajts of the ocean floor is made op of shelb similar to those of which 
chalk consists, and we thus see the way in which the great beds of chalk, 
forming what is sometimes called Foraminifera land, have been produced 
in past ages of the world. The foregoing figure shows Ibe shape of 
some shells of Foraminifera when seen under the microscope. The central 
one, f, shows filaments of the animal's body protruding through the minute 
pores of the shell. At 1/ and d the shells arc shown in section, so that the 
internal chambers may be seen. 

io6. There is a variety of limestone called crinoidal or 
•ncrinital limestone. This 
s composed largely of the 
:alcareous joints of marine 
I animals called sea-lilies, 
I or encrinites, which are 
attached by means of a 
jointed stem. Often, after 
this limestone has been 
exposed for some time to 
Fia.a8.-LLm«toi.eihowing Stems of EncrimiE. the action of the Weather, 
parts of these jointed stems are distinctly visible. 

107. Coral is also an organic rock substance, for it likewise 
consists of calcium carbonate which has been secreted from 
sea water by certain small gelatinous animals that belong to 
the class called Actinoaoa. This particular kind of Actinozoa 
is called the coral polyp. Its body is only a mass of soft jelly, 
with numerous feelers or tentacles at the upper part ; but it has 
the power of attaching itself to submerged rocks in the sea, 
and of depositing near the outer and lower part of its body a 
hard mass of calcium carbonate drawn from the sea in which it 
lives II thus becomes fixed, goes on increasing in height and 




Coral 



S3 



breadth, multiplying in various ways, as by budding and split- 
ting, each division growing into a perfect polyp, which adds to 
the mass of hard substance deposited In this way are formed 
pieces of coral of considerable size and of varying shapes. 
When the coral polyp dies the soft parts of its body decay 




and are washed away, but the hard skeleton remains behind, 
and accumulates on the floor of the sea to form masses of land 
— coral reefs and coral islands (see par. 125). 

It must not be supposed that the coral rock is the result of 
'work' on the part of the coral polyps, in the sense that a bird 
works when it builds its nest. The 
secretion of the calcium carbonate 
from the sea water is as much an un- 
conscious process as is the extraction 
from the food of the mineral matter 
that forms our bones ; and the coral 
land accumulates by the animals 
dying below, while new animals grow 
above. There are two classes of the 
coral polyps— detacAeJ corals, living in 
nearly all seas at any depth ; and reef- 
building corals, which can live only ■"^gS'fi'i.'^'iL^BTb.^.end'^ 
in clear water within a limit of 20 Tenudes of iheCorai Polyps, 
fathoms from the surface and where the water is above 66° F. 
Hence coral rocks are only found in the warm waters of the 
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tropical seas. There are many kinds of the coral polyps, and 
the coral rock is of Various forms. Some are shaped like the 
branches of trees, others resemble tufts of clustered leaves, some 
form roundish masses', while still others are like groups of 
coloured twigs. When the animals are living their branch- 
ing feelers are seen expanded in a great variety of colour and 
form. 

Claiaification and Deacriptioii of Bocki. 
Having now learnt something about the materials of which 
rocks are formed, we proceed to give some account of these 
great masses of rocks themselves, and the mode in which they 
are arranged in the earth's crust. 




-Slmtilied Rocks. 



io8. Rocks may be classified, according to their mode of 
origin or mode of formation, into two great classes — stratified 
and unstrattfied. On looking at a sea cliff, a railway cutting, or 
a quany, we shall often be able to notice that beneath the soil 
the rocks are arranged in more or less parallel layers, or strata, 
as they are called. Such rocks are called stratified rocks (Lat. 
stratum, pi. strata, what is spread out). 

Thus in the figure we see five layers or strata of rocks. 
Sandstone, clay, limestone, shale, &c., belong to this class. 

109. In other cases no traces of beds or layers can be de- 
tected, and the rock merely forms a great mass of mineral 
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matter. Such rocks are called unstratified, and have often a 
lumpy, massive appearance. 

no. As there is every reason to believe that the stratified 
rocks have been subject to the action of water, having been 
either mechanically suspended or chemically dissolved in it, 
these rocks are also called aqueous (Lat. aqua^ water). We 
believe that these beds or strata have been spread out by the 
action of water owing to the signs of water-action that they 
still retain, and also because we can observe at the present time 
that, whenever a running stream has its velocity checked on 
entering a lake or the sea, the pebbles, sand, or mud that it 
brings down are spread out in horizontal layers on the bottom. 
But the stratified rocks do not always preserve this horizontal 
arrangement, for they have often undergone displacement and 
upheaval after their original deposition. 

III. The unstratified rock* show many signs of having been subject to 
the action of intense heat, some of them having evidently been in a molten 
state, the minerals of which they are composed showing a crystalline 
structure. Hence they are also called igneous (Lat. ignis^ fire). These 
rocks are generally found in mountainous districts, and have often been 
pushed up from below through the overlying strata. In one place they 
rise up as huge conical hills, in another they may be seen filling up rents 
and fissures like walls or dykes, while in another district they have spread 
out on the surface in streams of lava. 

It is from the broken-down or disintegrated materials of the 
igneous rocks that the stratified rocks have been formed in the 




Fig. 32.— a, Stratified Rocks. B, Unstratified Rocks. 

first instance. Thus by the decomposition of the felspar in 
granite, clay is produced, and most sand grains have been de- 
rived from the quartz of the same rock. These sand grains 
become consolidated into sandstone, and this in its turn may be 
broken up again, to again undergo further consolidation. 

112. We will now put the chief differences between these 
two great classes of rocks into the form of a table. 
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Stratified or Aqueous Rocks Unstratified or Igneous Rocks 



1. Possess evident marks of bed- I. Possess no true marks of bed- 

ding. ' ding. 

2. Are derived from previously 2. Are the oldest and primitive 

existing rocks. rocks. 

3. Are situated usually in plains 3. Are situated in mountainous 

and on the flanks of nioun- districts, and often compose 

tains. the axis or nucleus of a moun- 

tain chain, sometimes filling 
up long upright fissures, and 
forming vertical masses called 
. dykes. 

4. Are formed of minerals which 4. Are formed of minerals usually 

have usually a non -crystalline having a crystalline structure, 

structure. 

5. Have plainly been deposited 5. Have been erupted or driven 

one after another from above. ' out from the interior. 

6. Contain the remains or impres- 6. Contain no organic remains 

sions of plants and animals except such as were buried 

that existed at the time the in volcanic ashes or mud 

rocks were deposited. These 1 during an eruption. Hence 

remains or marks are called I called unfossiliferotts. 

fossils, and hence such rocks 
are cqXXq^ fossiliferaus. \ 



113. Metamorphic Eocks. — Besides the stratified and un- 
stratified rocks, there is another class of rocks which, though 
originally stratified, have undergone great alterations in struc- 
ture and composition, whilst traces of fossil remains have been 
destroyed. These are called metamorphic or transformed 
rocks (Gr. meta^ change : morphe, form). 

To this class belong clay, slate, quartzite, statuary marble, 
mica-schist, and gneiss, which will presently be described. 

The chief agents concerned in these changes are heat, 
water, and pressure. Metamorphic rocks are chiefly found 
next to intrusive igneous rocks ; and it is probably owing to 
the heated state of these that many of the stratified rocks that 
adjoin them have been metamorphosed or transformed. 

114. Crystalline and Non-crystalline Bocks. — The above twofold 
division of rocks, based on the mode of their formation into [a) unstratified 
or igneous, and {b) stratified or aqueous, corresponds closely to another 
twofold division, which is based on the texture of the rocks, that is, on the 
arrangement of the particles forming any given rock. As a rule we find 
that the igneous rocks have a crystalline texture, while the stratified rocks 
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are non-crystalline. But to tjiis general statement there are some excep- 
tions. In speaking of crystallisation we saw that substances assume those 
definite geometrical shapes called crystals when they have either been in 
solution in a liquid or in a molten condition through heat. When in either 
of these states we know that the particles of many substances have the 
power of taking up definite positions round a centre as the liquid evaporates 
or as the fused mass cools, and the crystals are formed by the successive 
addition of particles to the exterior, large crystals being built up by the 
regular addition of a number of small crystals. As the igneous rocks are 
believed to have been at one time in a state of fusion, we find that they 
usually consist of a network of interlaced crystals and crystalline particles, 
the crystals being often large enough to be visible to the naked eye, as in 
granite. In other cases we need to make a very thin section of the rock 
and examine it under a microscope to see the crystalline texture ; while in 
the case of a few igneous rocks, such as some lavas, where cooling has 
taken place rapidly, the rock only shows a glassy or vitreous structure, as 
in obsidian (volcanic glass). But as these glassy or vitreous rocks often 
show under the microscope incipient forms or beginnings of crystals, called 
microliths, or crystallites, in the glassy base, it is usual to include such 
rocks in the crystalline class. On the other hand, the ashes and other 
fragmentary materials sent out from volcanoes may be called non-crystalline 
or fragmental igneous rocks. 

The aqueous or stratified rocks, being in all cases formed of materials 
derived from pre-existing rocks, are usually composed of particles having 
no definite arrangement and showing no crystalline structure. These frag- 
ments out of which the stratified rocks have been formed are of various 
sizes, from blocks of several feet to exceedingly fine powder, and have 
been generally massed together irregularly by mechanical compression or 
the infiltration of some cementing substance. The names given to these 
various fragmental or non-crystalline rocks, and the mode in which the 
particles have been bound together into masses, will be explained presently. 
But where the material from which an aqueous rock has been formed has 
been in solution in water, the deposit from this aqueous solution possesses 
a crystalline texture, as in some limestones formed from precipitated 
calcium carbonate. Beds of gypsum (calcium sulphate) and rock-salt are 
other examples of crystalline aqueous rocks. 

The metamorphic rocks, being stratified rocks that have been changed 
by the action of heat and heated water, also show a crystalline texture. 
One peculiarity of this class of rocks, viz. the arrangement of the crystalline 
minerals forming them into layers so as to give them a foliated appearance, 
has been already noticed (see Gneiss, par. 149). 

Putting the above in a tabular form we may set it forth as below : — 

f Igneous — Granite, Basalt, &c. 
Aqueous — Some Limestones, Gypsum, Rock-salt. 
Metamorphic — Gneiss, Statuary Marble. 
Igneous — Volcanic Ash. 

Aqueous — Sandstone, Clay, Conglomerate, Shale, Coal, 
&c. 



Crystalline . . 

Non -crystalline 
or Fragmental 



115. Further Classification of Eocks. — A further sub- 
division and description of rocks will now be made. The 
stratified or aqueous rocks can be put into the following classes. 
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{a) Sedimentary or mechanically formed rcx;ks. 

\b) Organically formed rocks, or rocks formed out of the remains of 
animals and plants. 

(f ) Chemically formed rocks, which have been produced from material 
held in solution by water and afterwards precipitated. 

1 16. (fl) Sedimentary Rocks. — Streams, tides, and waves are continually 
wearing away portions of the earth's crust, and carrying it down to be 
deposited at a lower level when the water comes to rest. This mechanically 
suspended matter consists of what is called sediment^ and the heavier 
particles are the first to fall down. Part of this sediment may consist of 
small rounded pebbles called gravel, part of sand, and part of very fine 
particles called clay or mud. Sedimentary rocks are those which have 
been formed out of sediments on the floors of lakes, in river-beds, or on 
the sea bottom, and have afterwards been raised above the surface. In 
process of time the materials are made to cohere by pressure and the in- 
filtration of cementing substances. 

These different kinds of sediment give rise to different sorts of sedi- 
mentary rocks — conglomerate J sandstofie^ and shale. 

Conglomerate, or puddingstone, as it is called sometimes, consists of 
rounded water- worn pebbles, or masses of various rocks cemented together 
by some kind of mineral paste. This cementing material may be formed 
of carbonate of lime, silica, or oxide of iron. It is brought in solution by 
water, and as the water evaporates is deposited among the pebbles as a 
cement. 

Loose rounded and water-worn pebbles about the size of a nut are 
called gravely or shingle^ and may consist of fragments from various rocks. 

The pebbles forming a natural conglomerate may be derived from any 
kind of rock. If the pebbles are composed of quartz, or flint, we may 
call it a silicious conglomerate ; if of limestone, a calcareous conglomerate. 
When the rock fragments that are cemented together have sharp angular 
comers, showing that they have not been subject to much water-action, the 
rock is called a breccia. 

117. {b) Sandstone. — This rock has already l>een described. The 
rounded water- worn grains of sand, which have been derived from the 
breaking up of rocks containing quartz, sometimes lie separate, and form 
large beds of loose sand. This loose sand consists mostly of silicious grains, 
sometimes with small particles of mica and fragments of shells. 

On some sandy coasts, as the tides run down, the sand is left dry, and 
being caught up by the wind is blown inland, so that in the course of years 
a ridge of hills, called sand-dunes^ is formed. When the loose sand is, 
however, left undisturbed at the bottom of the sea or of a lake, in process 
of time it becomes consolidated by pressure and by cementing material. 
This cementing material varies as in the case of conglomerate, and hence 
we have calcareous sandstones and ferruginous (Lat. ferrum, iron), 
according as the cementing material is calcium carbonate or oxide of iron. 
The oxide of iron usually colours the sandstone yellow or red. Sandstone 
is much used for building purposes, often forming window-sills, lintels, and 
doorposts. Some kinds s^ow a tendency to split into slabs parallel to the 
stratification, and are then much used for flagstones. When the silicious 
particles are rather large and angular the sandstone is called a gritstone. 
Such gritstones are often used for grindstones and millstones. 

Sandstones are spoken of as arenaceous rocks (Lat. arena^ sand). 

118. Clay. — Clay consists of very fine particles which adhere together^ 
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and form a substance which can be easily moulded into various shapes* 
Hence it is said to be plastic. It is the last result of the waste of rocks by 
water and other natural agents. It is chiefly composed of silicate of 
alumina with water (Al20„2Si02,2H20). It is derived mainly from the 
decomposition of felspar and other aluminous silicates by the action of the 
weather, the potash and the soda being washed away, especially by water 
containing carbonic acid in solution. It is generally found in valleys and 
lowlands, and has the important property of being impervious to water. 
Hence where there is a series of beds of porous rocks, such as sand, gravel, 
or chalk, resting on clay, the water sinks through these until it reaches the 
clay. It then accumulates until it can find an outlet. Clay is often mixed 
with various impurities, which impart to it a brown, red, or blue colour. 
Kaolin, or china clay, is the name given to a pure kind much used for the 
manufacture of porcelain. Common clay is much used for making bricks. 

Rocks containing much clay are called argillaceous (Lat. argilla^ clay). 

When mixed with water, clay forms mud^ though the word mud is 
applied to any finely divided mineral matter. 

119. Shale is clay or mud that has become hardened, and which splits 
into thin plates or laminae, parallel to the stratification. Such rocks are 
said to be laminated, and thus show that they have been gradually 
deposited under water. 

Shales are often dark-coloured through vegetable matter, and frequently 
have the impression of ferns, &c. , distinctly marked. All clayey rocks give 
out an earthy smell when breathed upon. 

1 20. Loam is the name given to a mixture of clay and marl, which 
coheres less than clay, and which is per\aous to water. 

121. Marl is a soft and friable (easily powdered) mixture of clay and 
calcareous matter, often used by farmers for improving soils poor in lime. 

122. The second division of the stratified or aqueous rocks is included 
under the term Organically formed Rocks. The material forming these 
masses has already been described under the head Organic Rock Material. 

This embraced chalk, limestone, coral, peat, and coal. We shall now 
speak of the arrangement of some of this material as it occurs in masses 
suflficiently large to be called rocks. 

Enough has been said about the way in which chalk beds have been 
formed at the bottom of the sea by the accumulation of the calcareous 
shells of the minute Foraminifera and other lowly organisms, and also of 
the beds of calcareous mud that are now being formed on the ocean floor, 
as is shown by deep-sea dredgings. Chalk forms an important division of 
the series of rocks, and in some parts of England is more than 1,000 feet 
thick. These beds of chalk are chiefly found in the south and west of our 
country. Nodules of flint occur frequently in the chalk, and this is 
accounted for by the belief that this flint has been derived firom the hard 
parts of silicious organisms, as sponges, &c., and by the concretion or 
growth of other silica round these as a nucleus. Sea water has always a 
certain amount of silica in solution. Hence flint may be included under 
the list of organically derived rocks. 

123. Limestone. — The composition and structure of this 
rock has already been described when speaking of the minerals 
that form rocks, and it has been shown that it belongs to the 
class of organically formed rocks because it consists of the 
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fossil remains of creatures having calcareous shells, and that 
these remains have accumulated under water to form beds or 
strata (see par. 105). 

The structure of limestone varies greatly, some limestone 
consisting of the minute shells of Foraminifera, and some con- 
sisting of the stems of encrinites and other similar organisms. 
In some cases the limestone has been so largely altered that no 
traces of organic origin can be detected. Such limestone has 
often a bluish colour. 

124. Marble is simply limestone that has become so hard 
that it will polish. 

Beds of limestone occur in many of the geological formations, 
and are often of great thickness. 

125. Coral Eeefs. — ^The secretion of coral from the sea 
water by the coral polyp has been described in a previous para- 
graph (107). It remains for us to describe the masses ot 
rock forming coral land, and the mode in which these masses 
have been built up. 

Coral rocks are found as ridges or banks in the sea, and 
are therefore called coral reefs. Coral reefs are divided into 
three classes : — 

(i) Fringing reef s^ which form a ridge of rock at a short 
distance from some mainland or island. 

(2) Barrier reefs^ which are banks running nearly parallel to 
the coast at a greater distance than fringing reefs, so as to leave 
a broad channel. 

(3) Atolls, which are ring-shaped belts of coral reef, en- 
closing a lagoon of shallow water, and forming an island. 

It has already been stated that the reef-building corals require for their 
existence clear water not below 68° F. of temperature, so that where the 
water is muddy, as near the mouths of large rivers, or where cold currents 
or other causes bring the water below the above temperature, there the 
reef- building polyps cannot exist. Nor can they exist but in shallow water, 
for they seem to die at a greater depth than icx> feet. They flourish best 
where the water is in constant motion and where it is clear, as at the outer 
edge of the reef. Hence the range of coral reefs and islands is limited by 
these conditions to a district about 25° on each side of the equator. The 
Bermuda Islands, which lie in the course of the Gulf Stream, form the 
northernmost point at which reef-building corals are found, but the 
Atlantic Ocean has not many of these rocks. Some are found among the 
West Indies and Cape Verde Islands, and off the coast of Florida. In the 
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Pacific there is a belt of coral rocks, both islands and reefs, stretching from 
the Low Archipelago to the Caroline Islands. There is also in the Indian 
Ocean a band of coral islands between Madagascar and India, including 
the Maldive Islands and the Laccadive Islands. Numerous reefs also 
occur in the Red Sea (see map 2). The largest barrier reefs are those off 
the island of New Caledonia and off the north-east coast of Australia. 
The Australian barrier reef is nearly i,2cx> miles long, and usually about 
120 miles from the shore. At its outer edge it rises out of the sea from a 
depth of 1,800 feet. 

126. How BeefB and iBlandB are formed.— iVa Depths near Coral 
Reefs, — The outer edge of a coral reef dips gradually for a short distance, 
and then the sea rapidly becomes very deep. 

As the coral polyps cannot exist above the surface of the water, and as 
they cannot live at a greater depth than about 100 feet, it is plain that the 
coral reef cannot be carried below a depth of 100 feet nor raised above the 
level of low water by the animals alone. 

The explanation of the appearance of the reef above the water is as 
follows. As the mass of rock reaches the surface of the sea the waves 
dash against its outer margin, break off pieces of the coral, and pile up 
these broken masses, so that the edge of the reef appears above the water. 
Dana says that * after the growing corals and the accumulating debris reach 
low-tide level the polyps mostly die ; but the waves continue to pile up on 
the reef, sand, pebbles, and broken masses of coral, some of the masses 
being two or three hundred cubic feet in size, and a field of rough rocks 
begins to appear above the waves. Next a beach is formed ; and the bank 
of coral debris, now mostly above the salt water, becomes planted by the 
waves with sea-borne seeds. Trailing shrubs spring up ; and afterwards, 
as the soil deepens, palms and other trees rise into forests, and the coral 
island or atoll comes forth finished. ' 

127. Darwin^ 5 Hypothesis, — To account for the way in which coral 
reefs so often rise from great depths Mr. Darwin offered the following 
explanation. According to him each atoll began as a fringing reef, then 
became a barrier reef, and at last appeared as a ring-shaped island with a 
central lagoon. For since the reef- builders cannot live below 100 feet, 
the foundation of the reef could not have been laid at a greater depth. 
Such shallow waters are only found near the shores, and hence the coral 
rock was first formed as a fringing reef. If a fringing reef be thus formed 
round an island, and then the island gradually sink deeper into the sea, 
while the corals continue to grow upwards, the fringing reef will be 
changed into a barrier reef The island will have become smaller, and 
the water between it and the reef wider. Another gradual subsidence of 
the island, while the reef-builders keep pace with the sinking, will at last 
cause the central peak of the island to disappear, and the reef will rise in 
the shape of a more or less broken ring, with water in the centre. It has 
become a ring-shaped reef or atoll. Hence barrier reefs and atolls are, 
according to Mr. Darwin, due to subsidence of land, though a fringing 
reef may be built on a stationary or even slowly rising sea-floor. 

The following diagram illustrates Mr. Darwin's theory. S is the original 
land, at the edge of which the coral polyps begin to build so as to form the 
fringing reef C C. As the land sinks further the coral polyps keep pace 
with it, and in time the barrier reef C C is seen. Further subsidence 
causes the centre of the original land to sink beneath the surface, and the 
ring of coral rising above the surface forms an atoll with a central lagoon. 
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As ihe corals thrive best in the fuLI play of the surf, owing to the fresh- 
ness of the water there and the better supply of food, it is found that in 
the inner margin of the reef the animals die off. Hence it happens that in 
the central lagoon not only is there no increase of rock, but the solvent 




action of the sea water causes part of the rock to disappear and the lagoon 
may thus beco e deeper anil w der 

128. Mr Murray one of the natural sts acconpanying the Challtngtr 
in its celebrated voyage of explora on explains the forma on of coral 
leefs in a different way an 1 h s explano on s uppo ed by o hers He 
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Aloll, showing Cenlia 



found that many of the little islands surrounded by coral ree& show traces 
of volcanic origin, and not traces of subsidence. Mr. Murray therefore 
believes that Ihe rocks have been liuilt up from the tops and slopes of sub- 
merged and partly submei^ed volcanic mountains. Imagine a submarine 
volcanic peak with the cd^ of its crater little more than a hundred feet 
lielow the surface. Even if the reef-building corals could not begin to 
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build at such a deplh, it would in lime be raised higher by the accumula- 
tion of the solid parts of various shell-hsh, and thus brought within tht 
limits of the coral pol>-ps. It is evident that reefs growing upwards from 
such asubmajine peak would assume the form of an atoll. Where a volcanic 
cone still projected above the sea, Mr, Murray believes that a reef might arise 
and grow outwards without any subsidence of the land on which it rests. 
Or a reef might begin to rise on a shoal formed by ocean currents. As the 
reefgrows chiefly on its outward edge where the corals flourish best, and 
as the animals die and the rock is dissolved by the warm waters in the 
inner l^oon, every fringing reef thus tends in course of time to become a 
barrier reef. The sea water of the lagoon is chained with carbonic acid 
derived from the decaying polyps, and this increases its power of dissolving 
the calcareous rock. The barrier leef grows seaward by building on the 
new foundations formed by its own broken and submei^ed fragments, and 
the lagoon interval between the front of the reef and the shore becomes 
widened through the solvent action of the water on the rocks where the 
corals have ceased to live. Hence, according to this theory, the width of 
the lagoon ought to be, in some ilegree, 1 measure of the antiquity of the 
reef. 

Probably the explanation given by Mr. DarK'in accounts for the formation 




129. Peat is found in the bogs and marshes of the British 
islands ; and these damp places are abundant in the west of 
Ireland, in the fen district of England, and in certain places in 
Scotland. At the surface there grows a green living moss 
called 'bog moss,' with other marsh-loving plants. A few 
inches below are found the brown rotting fibres of the dead 
plants, and still further the mass becomes denser and darker. 
At a depth of about 25 feet we often find a compact black 
substance which can be cut into blocks. These are piled into 
small stacks to dry, and are afterwards used by the peasantry 
for fuel. At the bottom of a peat moss there is often found a 
bed of clay containing fresh-water sheUs, and these show that 
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the peat moss has been fortned on the site of an old forest 
which has afterwards been turned into a swamp or marsh. 
Then the bog mosses and other plants began to grow in 
abundance, and in time they increased and spread themselves 
so much that all the fallen trees were buried in the decaying 
moss. 

:3o. Coftl.— The table already given in par. 104 shows ihal coal differs 
from peal in containing a greater proportion of carbon and a. leas proportion 
of o.iygen and nitrogen. Though both are of vegetable origin, coal also 
differs from peat in the mode of its occurrence, and in Ihe kind of plants 
out of which it has been formed Coal is found buried in the crust of the 
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d ed n h 
and this under- 
clay as it is called, 
s penetrated by 

hooting down into 

Ateve the coal 

seam we find another 

-»J ~^ • — '- led of clay or sand, 

Fg 36. Sec h w gCoaJ «in a oa SMdi d A wh ch is Called the 
clay . *, t, >l.»l= ^d sahdsion. forming toof. . ^^f ' of the coal, 

and in which are found numerous stems and branches of plants. Further 
in the coal itself the impressions of feina and other plants are sometimes 
visible ; and if a very thin section be examined under the microscope, 
thousands of spore-cases or seed-vessels may often be seen. Putting all 
these facts tc^ether, it becomes quite certain that coal is formed out of the 
remains of old vegetation ; that the plants from which it has been formed 
actually grew on the spot where the coal is now found ; that the ' under- 
day ' is the old soil in which these plants grew ; and that the ' roof ' repre- 
sents the accumulation of sediment deposited on the vegetable remains after 
(he old land surface had sunk beneath water. 

It has been found that the vegetation out of which coat has been formed 
indicates a warm moist climate and a low marshy district. Numerous 
ferns, some of very large size, were found % and huge reed- like plants having 
a jointed fluted stem, and known as calamiles, were abundant. An enor- 
mous number of plants related to our club-mosses, but reaching the siie of 
ordinary trees, flourished (see Frontispiece). Of these, the lepidodendron and 
the sigillaria are noteworthy. The stems of the lepidodendron were marked 
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with loienge 'Shaped scare ; the sigillaria had cylindrical fluted stems oi 
great height, marked longituditially with leaf-scars, and having long spirally 
pitted roots called stigmaria, Sigillaria was the upright stem of the plant, 
and stigmaria the root of it. All these belonged to the class of floweriess 
plants ; but in addition lo these a number of true trees related to the pine 
and yew have been noticed. 

Coal, then, may be regarded as composed of the remains 
of the stems, branches, leaves, and seeds of ferns, calamJtes 
lepidodendra, sigillaria, and pines. 
Numerous generations of these plants 
lived and died, so as to heap up a 
great thickness of vegetable remains, 
and in time the surface of the land 
where this accumulation was taking 
place sank beneath the sea Most 
of the trees were overthrown but 
others remained standing until the 
whole was buried beneath the sand and ; 
clay deposited around. This accounts 'l^"?/ 
for the 'roof of the coal seam so "^ [( 
often containing the upright stems of f c 37 -=; g liana Stem wuh 
trees. The vegetable matter thus en sugmana Roots, 

tombed remained for thousands of j ears undergo mg changes 
due to the great pressure upon it and the chemical actions 
going on within it. After a long period this old land was raised 
again a little above the level of the sea by deposits of mud, 
&c., and another rank and luxuriant vegetation began to grow. 
The land sank once more, sand and mud again covered the 
v^etation, and a second coal-bed was formed above the first. 
By repeated depressions it is easy to see that several coal seams 
might be formed in succession over the same area. 

131. (<-) Chemically formed Bocks. — This class includes 
those rocks that have been formed by the chemical process 
called precipitation. The material of which they are composed 
has been at one time in solution in water, and as the water 
evaporated the matter was deposited. In this way consider- 
able masses have been formed in some districts, though when 
compared as to bulk with the other rocks of the earth's crust 
these rocks are insignificant. 
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The water of rivers that have flowed over limestone rocks carries down 
to lakes or seas a quantity of calcium carbonate in solution, and in speaking 
of chalk and coral we saw how by the agency of animals this has been ex- 
tracted to form again other beds of limestone, known as chalk beds and 
coral reefs. But the waters of springs contain other substances, such 
as sodium chloride and calcium sulphate, and these substances are also 
found as rocks. In this case the rock could not have been formed by the 
agency of animals, because no animals extract these substances from 
water. 

132. Petrifying Springs, Limestone Caverns, Stalactites, Stalagmites, 
and Travertine. — It must be remembered that pure water does not dissolve 
calcium carbonate (carbonate of lime), but only water containing carbon 
dioxide in solution. Rain-water always contains a certain amount of 
carbon dioxide dissolved out of the air, and this quantity is sometimes 
greatly increased as the water passes through decomposing organic material 
in the rocks. Besides, during its underground course the water is often 
under great pressure, and it can then hold more carbon dioxide and dis- 
solves more carbonate of lime than at the surface. As the air is reached 
some of the carbon dioxide escapes, and part of the carbonate of lime is 
precipitated. Such springs, on reaching the surface, deposit a film of 
carbonate of lime on everything around, and if birds' nests or bits of wool 
be left in the spiay from such a spring they soon acquiie a coating of this 
substance. Popularly, springs like this are ca^^^ petrifying springs (Lat. 
petra, a rock or stone). But it is a mistake to suppose that the substance 
has been turned into stone ; it has only received an outer covering or 
incrustation of carbonate of lime. But before such springs come to the 
surface much work has been done by the water. Great cavities are fre- 
quently formed in limestone rocks by the solvent power of the water thus 
charged with carbon dioxide. Such caverns are frequent in the limestone 
districts of Derbyshire and other parts. Not only are caverns thus formed 
by masses of rock being dissolved away, but curious effects are sometimes 
wrought within these caverns. As the water drops from the roof it evapo- 
rates, and thus deposits a portion of the limestone held in solution. In 
process of time there is formed in this way a pendant mass of calcium car- 
bonate like an icicle. This is called a Stalactite. Some of the water 
dropping on the floor gives up, on further evaporation, more of the limestone 
in solution, and thus a projection rises on the floor of the cavern like the 
one on the roof. This is called a Stalagmite. At times the stalactite from 
the roof and the stalagmite from the floor meet and form a continuous 
column, as is shown in fig. 38. Travertine, or calcareous tufa, is a porous 
friable limestone deposited at the surface, often on a hill-side, by the waters 
of a calcareous spring. 

133. Salt Lakes.— Beds of rock-salt (sodium chloride, NaCl) several 
hundred feet in thickness are found in Cheshire, Bohemia, and other places, 
and these beds must have been formed by the evaporation of bodies of 
water. The Dead Sea and the Great Salt Lake of Utah are examples of 
great enclosed salt lakes, which were originally fresh, as is shown by the 
freshwater organisms found on their shores. The water of these lakes is 
carried off by evaporation as fast as, or faster than, it is brought in, and 
hence the amount of dissolved matter increases. The valley of the Dead 
Sea is the lowest on the earth, the surface of the water being 1,298 feet 
below the level of the Mediterranean. Its waters now contain 24 per cent, 
of salts by weight, or nearly seven times the proportion in ordinary sea- 



68 Elementary Physiography 

■ 34- OyplQin, or calcium sulphate, is anolher substance frequently 
found in beds that have been deposited after the water t^at has held it in 
solution has evaporated, ll is sometimes associated with a siuiilac deposit 
of dolomite, or magnesian limestone. 

135. SintST is a light porous variety of silica deposited in the neighbour- 
hood of geysers and hot springs. Silica is quite insoluble in ordinary water, 
but hot water charged with soda can dissolve it. See Geyser, par. 245. 

1 36. Clasaificfttion of Igaeoas Bocka. — The general charac- 
ters of these rocks have already been described in a previous 
paragraph. The unstratified or igneous rocks are often divided 
into two groups, according to the circumstances under which 
they are supposed to have solidified from a state of fusion. 
These two groups are known as volcanic rocks and plutonic 
rocks. The volcanic rocks are those which have been ejected 




from volcanoes or have welled out through fissures in the crust. 
They have consequently cooled in contact with the air. The 
plutonic rocks have been formed beneath the surface when 
subject to great pressure. As they have cooled more slowly 
than those sent out to the surface their crystals have been able 
to form more clearly. They are generally intrusive, having been 
forced through or between strata already formed. They occur 
in irregular masses, and often iill up huge fissures in wall-like 
masses called dykts. A dyke is thus a vertical wall of igneous 
rock that has been forced in a molten state into a fissure in the 
strata and has there solidified. It is plain that the two kinds of 
rocks are not marked off from one another by any sharp division, 
for what is a volcanic rock at the surface would often become a 
plutonic rock on being traced downwards. There is, however, 
often a difference in structure, as the plutonic rocks are usually 
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more distinctly and coarsely cry.stalline in structure, and do 
not show the glassy and spongy characters often exhibited by 
lava. 

All the igneousrocks are mainly composed of silicates — that 
is, they contain silica (SiO,) united with the oxides of such 
metals as aluminium, calcium, magnesium, iron, potassium, and 
sodium. 

137. The volcanic rocks are Ihemselves of two kinds, volcanic ashis and 
lavas. Volcanic ashes consist of the fragments and dust driven out from a 
volcano. These fragnienlaiy materials vary in sUe from large blocks 10 
the finest dust, and by their accumulation round the vent, build up the 
volcanic cone. The finer and lighter portions, however, are carried to a 
great height by the vapour and gases from the vent, and arc often borne 
away hundreds of miles by the wind. The finest volcanic ashesare mostly 
the broken films of bubbles of lava blown into a fine state by the explosion 
of vapour and gases imprisoned in them ; while the cinder-like fragments 
called scoria are larger pieces of lava sent up from the lava column in the 
pipe of the volcano. In time these ashes become consolidated into a porous 
rock, called volcanic tulf. This is often caused by the ashes becoming 
mixed with water, which changes them into a kind of mud that sets like 
mortar. The city of Herculaneum was buried by such volcanic tuff that 
came from the eruption of Vesuvius in 79 A.D. The word ' Ssh ' applied 
to these fragmentary materials only means that Ihey are in n finely divided 
stale, and not as in ordinary language the incombustible inineral residue 
found in fuel. : :-.- 

138. IiiTS.— Lava is the name given to the more or less molten rock 
which rises up the tube or pipe of a volcano and flows out over the 
edge of the crater at the top, or 
forces its way through fissures in the 
side. Some lavas flow quickly, like 
molten iron, while others are less 
liquid, and move very slowly. In 
some cases the lava stream scarcely 
reaches the bottom of the mountain, 
but in other cases it runs many miles. 
The upper surface of a lava stream 
cools quickly, and has generally a 
cindery or scorioieoiis appearance. 
It is full of small holes or cells 
formed by the escape of steam from ": "^ n q 

its surface, so that it has a spongy texture. This gives it what is called 
a veacular or cellular structure (Lat. vtsicula, a small bladder). The 
lower portion of the lava stream is also cooled by contact with the rock 
beneath. In the middle, however, the lava stream cools very slowly, and 
acquires a more solid and glassy structure. The interior of a lava stream 
sometimes retains a great heat for several years. 

Instead of flowing out into the air, lava may be forcibly driven into the 
surrounding strata, where it solidifies, either in an upright wall of rock 
forming a dyit, or in a horizontal layer between the sedimentary rocks, 
when it is said 10 be interst ratified. These intrusive igneous rocks may 
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send out offshoots in various directions. It must be noted that a lava 
stream that has been sent out into the air may afterwards become covered 
with sediment, and thus become interstratified. Such contemporaneous lava^ 
as it is called, will have its upper surface cindery, and can be thus distin- 
guished from an intrusive sheet which has not such a cindery upper surface, 
and where the rock lying <ibove as well as below will be found more or less 
baked and altered. 

In some districts the lava does not appear to have flowed out from a 
central pipe in a volcano, but to have been sent forth through numerous 
fissures in the crust in such quantity as to flood thousands of square miles at 
once. In the western part of North America there is a vast plateau of lava, 
in some parts over 3,000 feet in thickness. There are other such beds in 
Western Europe, the north of Ireland, Iceland, and Norway. The name 
trap is sometimes given to the old step-like lavas which have flowed in 
successive horizontal sheets, and which form at their edges an appearance 
like stairs {trappa is a Swedish word for stair). 

139. Varieties of Lava Eock. — The chief kinds of lava are 
trachyte, obsidian, pumice, and basalt. 

Trachyte is a lava composed mainly of potash felspar, with 
other silicates. It is usually of a grey colour, and feels rough 
and prickly to the fingers. 

Obsidian^ or volcanic glass, is a variety of trachyte ver}' like 
ordinary coarse bottle-glass. 

Pumice is an ashy, grey, rough, porous variety of trachyte 
lava formed from the glassy lavas. It is, in fact, the froth or 
scum of such vitreous lava, and is full of small elongated cavi- 
ties or cells, formed by escaping steam and gases. It occurs 
both in the form of ejected masses and also on the surface. 
It floats on water, owing to these cavities being now filled with 
3.ir, so that it thus becomes lighter than water bulk for bulk. 
If the pumice be powdered, it quickly sinks in water. The 
pumice from a volcano may find its way into the sea, where 
it floats for a long time, until the thin glassy divisions between 
the air chambers are broken down. It then becomes water- 
logged, and finally sinks to the bottom. Pumice-stone is much 
used by painters to render the surface of boards, &c., smooth. 
The pupil may probably obtain a specimen from one of these 
workmen. 

Basalt is a lava of a dark colour, dense and heavy, and 
breaking with a conchoidal or shell-like fracture. It consists 
of a variety of felspar and of a mineral called augite. Dolerite 
is a variety of basalt coarsely crystalline. The basalt rocks are 



Plutonic Rocks 
found both as intrusive masses and as sheets that have been 



Many of these lava sheets of 



poured out on the surface, 
basalt in slowly cooling and 
solidifying acquired a col- 
umnar structure, the col 
umns often having a more ^ 
or less hexagonal shape, I 
though the number of sides | 
varies (see fig. 41). Inter 
esting examples of these 
columnar basalts occur at 
Fingal's Cave in the island 
of Staffa, and at the Giant s Causeway m the north of Ireland 

140. ?lutoilio Bocks. — The most inipaitant of this division are granite 
and felspar. It has already been shown that granite is a granulai crystalline 
mixture of quartz, felspa.r, and mica. (See par. SS.) The separate con- 
stituents can be distinguished by the eye, though the minerals have seldom 





had room to assume a perfect shape. In some specimens the crystals of 
felspar are very large and distinct, and the rock is then called porphyritic 
Such granite is found on Dartmoor. The granite from Peterhead 
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replaced by hornblende. Granite not only occurs in large eruptive masses 
forming the central parts of mountain chains, but also in smaller dykes, 
veins, and bosses. When granites are weathered — that is, exposed to the 
action of frost, heat, rain, and rain-water containing carbonic acid — the 
felspar crystals are slowly decomposed, and the rock crumbles away. The 
soluble potash and soda silicates in the felspar are washed away, but the 
silicate of alumina forms a white powder called kaolin, or china clay. The 
quartz breaks up into small grains, and the mica into thin flakes, and these 
grains form the sand found on the beds of rivers, and on the sea-shore, 
becoming more rounded and reduced the longer they are submitted to the 
action of the water. In time, and under suitable conditions, this sand may 
l^ecome consolidated into a sedimentary rock, and the sandstone thus formed 
may itself suffer disintegration (breaking up) and re-formation many times. 

141. Felstone, or felsite, is a close-grained rock composed of an intimate 
mixture of felspar and quartz. It is very compact, and usually of a dull 
green or purplish colour. It is found in some of the mountains of North 
Wales, and is quarried for making paving sets. 

142. Acidic and Basic Bocks. — The above division of the igneous 
rocks, due to their mode of formation, is perhaps the most useful for the 
beginner ; but there is another mode of classifying them, based on their 
chemical composition, which is of some importance. Since silica acts as 
a weak acid, those igneous rocks in which silica exists in large proportion 
{tt to 80 per cent. ) are called acidic rocks (granites, trachytes, &c. ) ; the 
igneous rocks that contain a relatively small proportion of silica (45 to 55 
per cent. ) and a large proportion of metallic oxides, are called basic rocks 
(basalt, dolerite, &c. ). There is an intermediate class, where the propor- 
tion of silica is less than in the acidic rocks but more than in the basic ones. 
The acid or highly silicated rocks are often of a light colour, and being 
poor in lime, magnesia, and iron, are difficult of fusion. The basic or 
poorly silicated rocks are of a darker colour, of a higher specific gravity, 
and are richer in lime, magnesia, and iron than the acid rocks, and have no 
quartz or free silica. The following table summarises the information 
already given regarding the classification and composition of igneous rocks. 

143. Classification of Igfteous or Unstratified Rocks. 



Division 


Mineral Composidon 


Plutonic 
Varieties 


Volcanic 
Varieties 


Acidic Rocks 


Quartz, Felspar, Mica 


Granite 


1 
Obsidian, 
Trachyte, 
&c 


Basic Rocks 


Felspar and Hornblende, or 
Augite, with oxides of iron, 
lime, and magnesia 


Dolerite 


Basalt 


Intennediate 
Rocks 


Quartz, Felspar, and Horn- 
blende 


Syenite 


Felsite 



144. MetamorpMc Eocks. — It now remains for us to describe 
two or three members of the class of transformed or altered sedi- 
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mentary rocks, those in which the structure has been rendered 
more or less crystalline, and in some of which new chemical 
combinations have been brought about This metamorphism 
or change is often observed in the neighbourhood of dykes and 
other intrusive igneous masses. The following are examples of 
this class. 

145. Crystalline Limutone, 01 statuary marble, is only limestone ihalhas 
beenalteied by heat so as to give itagranulai texture like loaf sugar. Some 
marbles are coloured by mineral matter, and all are capable of being polished. 

146. Qiiarlsile is sandstone that has been hardened by paillal fusion, 
so that the grains of sand have run (i^eCher. 

147. Slale is shale that has been hardened and olherwi^ changed by 
intense lateral pressure, and is composed mainly of aluminium silicate. In 
speaking of shale we described it as a hardened clay that splits into 
laminx 01 thin leaves parallel to the layers of deposition. This shale was 
formed by film after film of fine sediment having been placed one on another, 
and this compacted by pressure from above, so that the films or lamime 
acquired a tendency to separate one from another like the leaves of a book. 
The shale has undergone further alteration t>y great lateral pressure, caus- 
ing it to split or cleave into leaves in a direction diflerenl from the bedding; 
and such altered shale is called slate. 

148. Claavage, or slaty cleavage, is the name given to the tendency 
found in some rocks to split into layers or flakes more or less perpendicular 
to the original layers of deposition ; while lamination (Lai. lamina, a leaf) 
is the name given to the arrangement in thm layers parallel 10 the bedding 
Shale has a laminated structure, but slale shows cleavage 

149. Onelti. — Gneiss is composed of the same minerals as granite, 
viz. quartz, felspar, and mica, but the minerals are arranged in layers or 

bands. Rocks in which the minerals _ 

are arranged in layers are said to 

foliated, and this foliated arrangement .1 

of the minerals is the great peculiarity i, 

of gneiss. In occurs among the \ 

oldest known rocks of the earth s 'J 

crust. Here is a drawing of a piece • 

of gneiss, showing the foliated ar 

rangement of the component minerals 

The light layers consist of granular J 

felspar, with here and there a little 

mica and quartz. The dark bands _ 

indicate layers of black mica inter '" '^ ■nei-.> 

mingled with grains of grey quartz. The ruck will split most ea.-.ily along 

the dark layers. 

Mica-schist is a metamorphic lock consisting of irregular wavy layers of 
the two minerals quartz and mica. 

150. Boil— its FormBtion and Compoiitioii. — It Is only on mountainous 
hill.sides, steep rocks, and water-washed shores that the actual bare rock 
is seen at the surface. In other places the umrer layer of the solid land 
consists of a thin covering of loose particles of decomposed rocks, which 
liiniish a reservoir for the solid and liquid materials that serve to nourish 
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plants, and also contain the decaying remains of these plants after their 
death. This upper layer is usually called soil or vegetable earth. Soil, 
then, is the superficial covering of the earth in which vegetation grows, and 
is formed of the disintegrated or broken-up particles of rocks, mixed with 
decaying vegetable and animal matter. The chief agents that bring about 
this disintegration and decomposition are rain, changes of temperature, 
frost, the atmosphere, and the roots of plants. The rain softens and in. 
some cases decomposes the minerals forming the rock, for in falling through 
the atmosphere it dissolves oxygen and carbonic acid, and these assist in 
the wearing away of the rocks. The oxygen oxidises some of the rock 
substances, causing them to fall into powder, while the carbonic acid in 
solution assists in dissolving some of the more soluble ingredients. Rocks 
containing iron have frequently a reddish tinge, due to the iron oxide. 
The heat of the sun during the day expands the rocks, and the rapid radia- 
tion of the heat soon causes the stone to become cold and contract. The 
effect of these alternate expansions and contractions is to crack the rock 
and loosen the particles on the surface. This is further assisted by the 
rocks at one time getting soaked with water and then rapidly dried. 
Frost, too, is a very active agent in this process of splitting rocks. The 
water that falls on the ground soaks through the soil and into the pores 
and crevices of the rocks. As the air falls below freezing-point this water 
is turned into ice. Water in being frozen expands with great force, and 
this expansion pushes aside particles and masses of rocks, so that ever}' 
winter this work of destruction by frost goes on extensively, and may easily 
be seen on examining the face of an exposed cliff. 

These various actions are often spoken of as the * weathering * of the 
rocks, for they are mainly due to the changes that take place in the atmo- 
sphere. They are also spoken of as * sub-aerial ' denudation, as they take 
place betteath the surrounding air, in contradistinction to what takes place 
at the bottom of water. Vegetation partly prevents the action of these 
weathering influences by forming a protective covering over them, and 
partly assists by keeping the rocks wet, and by sending roots which force 
their way through cracks and joints, and thus loosen them. Animals 
that live in the ground also aid in the work. Even the despised earthworms 
bring to the surface large quantities of the finer parts of the soil which they 
have swallowed and passed through their bodies. Most of the soil formed 
in the way thus described at last finds its way into lakes or seas, for even 
after it has been washed down the mountain slopes into the valleys and 
plains, though it may rest there for hundreds of years, it is eventually carried 
away into rivers, and thence to the sea. The thickness of the soil varies 
from one or two inches to several feet. It is thinnest on hill-sides, where 
it is washed down by the rain or blown away by the wind ; and it is 
thickest in flat districts, where the water carries away but little. All kinds 
of rocks are subject to these actions— the stratified rocks that once formed 
the floors of seas and lakes, and the igneous rocks that have been pushed 
up to the surface. The character of the soil, therefore, depends on the 
kind of rocks from which it has been formed. There are clayey or 
heavy soils, that form mud in wet weather, and clods in dry weather ; 
sandy or light soils, that never clod, but allow the water to pass quickly 
through them ; calcareous soils, which contain a good proportion of calcium 
carbonate, &c. A good soil, however, for agricultural purposes consists of 
a due admixture of these different kinds with a certain amount of decaying 
animal and vegetable matter. 
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Usuallythe rocks from which a soil isdenied will be found on digging 
down for i few feet though in some cases the malenals may ha\e been 
denved from distant rocks 
Here is a section whicti 
shows how the rock passes 
upwards into soil "^uch a 
section may be frequently 
found by digging a hole in 
a. field, or looking at the 
exposed edge of some rii er 
bank in the country At 
a we have a thin lajer of 
soil in uhich the grass 
grows auG composed of 
the materials already iren 
tioned and described further 
below At ^ we come to 
btokenupcmmblingslones, p^. Rock toMine upwards i toSoil 

descend This layer is called the stibsoil, and olten contains a few roots 
from the larger plants. At < we And the solid rock of limestone, divided 
into blocl.s by natural divisions calleilyoiH^x 

To render clear and distinct our Ideas of what soil is composed of, we 
will take up a handful of good soil from a field or garden, and examine it. 
On putting the soil into a large vessel of water, and stirring it up, we may 
observe the following; (I) little stones of ail shapes fell to the bottom— these 
may be removed; (i) on again stirring, grains of sand will be seen to settle 
lo the bottom — these may also be taken out; (3) on adding u little acid, such 
& vinegar or hydrochloric acid, to a portion of the soil an effervescence will 
probably be noticed — this shows thai calcareous matter (calcium carbonate) 
IS present ; (4) on leaving the muddy water left after removing the small 
stones and grains of sand to stand for a day, the finer sediment falls to the 
bottom, and when we take it up we can see that it is mostly clay, because 
it is plastic ; after drying some of the mud, we may lake a iguantity and 
heat It strongly in an iron spoon. As It gets very hot it takes fire, and a 
pari burns, leaving the rest bleached or reddened. This combustible por- 
tion is the humus, or decaying organic matter, and it is to the decaying 
remains of vegetation that the soil chiefly owes its dark colour. 

151. Poiition uid ArruiKMuent of Book* on the Earth's Snrfaoe..— 
We have now learnt of what materials the different rocks forming the crust 
of the earth are composed, and how these rocks have been formed ; the 
next thing is lo learn something about the changes of position that many of 
them have undeigone. The layers of stratified rocks in most coses were 
formed by the deposition of sediment at the bottom of the sea or of a lake, 
the fossils they contain showing whether they were marine or lacustrine 
deposits ; and these beds were originally spread out in a horizontal position, 
or nearly so. That this must have been the original position follows from 
their aqueous origin, and we see similar horizontal deposits forming in 
water at the present time. Water can only deposit material on a level 
surface or a gentle slope. But we now find these rocks raised into the air, 
sometimes even formii^ the summits of mountains. The strata are also no 
longer horizontal in many cases, but inclined at all angles, sometimes bent 
and folded in nearly all directions, and frequently broken across by immense 
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fraclures. How has (his elevation anil displacement been brought aliout ? 
We cannot suppose that the level of the sea has sunk to the extent required ; 
for strata of marine fot^ation occur, on the Alps and other mountains, at a 
height of ten or twelve thousand feet. Hence the stratified land must have 
been lifted up. The sea cannot be elevated or depressed in one place with- 
out a general change of level taking place alt over the globe, but we know 
as a fact that such rising as well as sinking of the land is now actually 
taking place. Sometimes there is a sudden upheaval, affecting a compara- 
tively small district, but of equal if not greater importance are the slow up. 
risings and Unkings that occur over large areas. It is not necessary to 
suppose a force acting vertically upwards as the cause of these latter pheno- 
mena. Some are probably due to the contraction of the earth's crust, con- 
sequent on the slow cooling of the interior, while others are due to the 
action of subterranean forces and the upheaval of igneous rocks. Whatever 
be the cause, the consequences are that not only have the strata been lifted 
up into the air from the Ixjltom of water, but the rocks have been tilted, 
folded, and broken in the way already referred to. 

152. Inolinad Btntd When strata have been pushed up at one place 

more than another ihey will be thrown into an inclined position. This 
downward inclination from the horizontal is called the dip of the strata, 
while the appearance of the edge of the inclined bed at the surface is 







called Ijie outcrop These inclined strata may often be seen in quarries 
railway cuttings S.c 

In some cases the strata have lieen thrown into a vertical position 
Vertical strata of lime-itone can be seen at many places on the edge of the 
Pennine chain. 

Bent strata oflen show the following arrangement when seen in section. 
There is a series of convex and concave bendings, the strata rising and 
sinking so as to form ridges and valleys. Where the beds have an arched 
form, and dip away in opposite directions, they are said to lie anticlinal ; 
when (hey form a basin or trough they are said to be synclinal. 

Fig. 45 gives a view of such strata as shown in a gorge or cluse of the 
Jura Mountains in Switzerland. A and B are the anticlinal curves, and C 
the synclinal. 

When beds or strata lie parallel on each other they are said to be fon- 
formahli, but when one set of beds rests on the upturned and worn edges 
of another we have what is called uHeBnformal>k stratification. The upper 
strata lie unconfoimably on the lower. Such arrangement of tieds shows a 
great lapse of time, for the lower beds must have been formed, consoli- 
dated, raised into their inclined position, and probably exposed to some 
amount of wearing, before the upper l>e<1s could have been deposited on 

In cases where the rocks have been too rigid to l)end during the action 
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Even where [he sCcala have not been dijiu bed b 1 e ho zon ally a: 
deposited, they have often been caived out in h 11 and alley by he ac oi 
of rivers, rain, and other atmospheric agencies 
If we let fig. 47 represent such a series of hon 
zontat strata, and if we suppose that they have 
been unacted upon by these agents, then A B 
would represent the surfoce. This would be of 
a uniform character, and we should walk over a 
level surface of soil of all the same kind. Bu 
if this district were acted on Wrain and rivers 
the unequal hardnessof the different rocks anl 
the position of the disintegrating agents would 
soon b<^t irregularities, so that an exposed 
section might present such an appearance as 
that shown in ng. 4S; while 'a geological map 

would now indicate the exposure not merely n 

of the uppermost stratum, but also the ou F c 9 

crop of several underlying beds, somewhat in 

the manner shown in fig. 49, with probably a river R R runnjn); a]oi% the 
boliom of the valley.' (Rutley.) 

153. Denudation (Lat. de, down ; nudus, bare) is the name 
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given to the process by which water and other agents break* up 
and reduce the land to a lower level. This denudation or 
wearing away of rocks is generally described under two heads : 

(i) Marine denudation, the action of the tides and waves of 
the sea on the coast of the land. 

(2) Atmospheric or sub-aerial denudation, the action of rain, 
running water, frost, ice, and air on the rocks of the earth's 
crust. 

These various denuding agents, and the mode in which 
they work, have been already referred to in speaking of soil, 
and will be further described in the chapters on the sea and 
the atmosphere. 

CHAPTER VII. 

INTERIOR OF THE EARTH-VOLCANOES ; EARTH- 
QUAKES, AND OTHER MOVEMENTS OF THE 
EARTHS CRUST, 

154. Density of the Earth. — Astronomers have been able to 
calculate the weight of the earth, and have shown that it is about 
5^ times heavier than a globe of the same size composed of 
water. The mean density or specific gravity of the materials 
that form the crust is a little less than three. The average density 
of the earth is thus about twice the density of the rocks forming 
its crust. We are, therefore, forced to conclude that the interior 
portions of the earth are specifically heavier — i.e. of greater 
density — than the outside crust. The explanation of this increase 
of weight in the materials of the earth's interior is a question 
still in dispute. In consequence of the enormous pressure 
exerted on the rocks in the interior by the rocks overlying 
them, some assert that these deeper rocks, composed of the 
same kind of materials as those in the crust, will be compressed 
or squeezed into so much less space, that this increase of density 
is easily accounted for, and that the increase of density would 
be still greater were it not for the expansive force of the heat 
in the earth's interior. Others doubt this great compressibility 
of solid substances, and believe that the interior portions of the 
globe are composed of heavier and different materials than 
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those near the surface. These materials are thought to consist 
largely of metallic elements, such as iron, nickel, and cobalt, 
either free or forming alloys with one another. It has been 
pointed out that in this respect the earth's interior would be 
similar in composition to those pieces of matter flying through 
space which sometimes fall on the earth as meteorites. 

155. Internal Temperature of the Earth— A thermometer on the 
surface of the earth, or buried only a few inches below the surface, shows 
variations of temperature depending on the time of the day and the season 
of the year. But these variations do not penetrate far into the crust. At 
a distance below the surface of about fifty feet in Britain there is a stratum 
of invariable temperature, this constant temperature being usually nearly 
the same as the average temperature of the surface. The depth at which 
this constant temperature is found varies somewhat with the climate. 
Below this depth the temperature increases, so that at the bottom of a 
deep mine the miners usually take off their clothes. The rate of increase 
varies for different places, being on the average 1° F. for every 60 feet of 
descent, or 88° F. for every mile. These facts have been ascertained by 
taking the temperature in mines, borings, and deep wells. In the Rose 
Bridge Colliery, near Wigan, a shaft has been sunk to the depth of 2,445 
feet, and the temperature at the bottom is alx)ut 94° F., the average tem- 
perature at the surface being 49° F. This gives an increase of about 1° F. 
for every 54 feet. Water rises from an artesian well near Paris from a 
depth of i,8cx) feet, and this water has a temperature of 82° F., being 
about 29° more than the average temperature. Other proofs of the high 
temperature of the interior of the earth are found in the existence of volca- 
noes sending out molten masses of rock, and in geysers and other hot 
springs discharging large volumes of heated water. These hot springs 
occur most frequently in the neighbourhood of volcanoes, but they are also 
found in other districts. There is one at Bath, the waters of which have 
a temperature of 120° F. 

156. Interior not Fluid. — But though there is thus a high temperature 
existing in the earth's crust, and though there is a more or less regular 
increase of temperature with depth, it does not follow that the interior of 
the earth is in a liquid state. If the rate of increase (1° F. for every 60 
feet) continues to depths far below those observed, it is certainly true at a 
depth of about two miles the rocks would be as hot as boiling water, while 
at a depth of forty or fifty miles the h^ at would be sufficiently great to melt 
any rock if at the surface. But at such a depth the pressure would be very 
great, and under increased pressure the melting-point of solid bodies is 
raised. They require more room when melted than when solid, and if the 
pressure prevents them from getting that space they cannot melt. We 
thus see that even if the temperature at great depths be above the fusing- 
point of the rocks they may be kept in the solid state by intense pressure. 
But we are not certain that the temperature at great depths does follow the 
regular law of increase observed in the rocks of the crust. In some places 
the increase of temperature is much greater than the average given above 
and in some places much less. It varies from 1° F. for every 20 feet of 
depth to 1° F. for every 100 feet. It has been noticed that the rate of 
increase is very high in places that have been recently the seat of volcanic 
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activity. It may bs pointed out that the calculations of astronomers show 
that the observed motions of the earth are inconsistent with a fluid interior. 
The most probable conclusion, therefore, is that the earth is mainly solid 
throughout, but that liquid spaces or cavities are formed by diminution of 
pressure or the inflow of water, both of which might reduce the fusing- 
point of the rocks, and from these volcanoes derive the material which they 
eject. 

Volcanoes. 

157. Definition of a Volcano. — It is not easy to give a 
satisfactory definition of a volcano, but we can easily avoid 
some of the mistakes often committed, and on which we shall 
afterwards remarL Here are examples of more or less accu- 
rate and complete definitions which will serve our purpose, and 
which will be better understood shortly. * A volcano is a more 
or less conical hill or mountain, usually truncated, communi- 
cating with the interior of the earth by a pipe or funnel, through 
which issue hot vapours and gases, and frequently loose frag- 
mentary materials, and streams of molten rock.' — Prof. J, 
Geikie, * A volcano is a more or less flat cone which is, or has 
been, connected by a channel with the depths of the earth, and 
which serves, or has before served, as an outlet for gaseous, 
solid, and glowing liquid masses.' — Credner, 

It will be noticed that in this last definition there is implied the fact 
that some volcanoes cease to send forth materials and become inactive. 
Hence the distinction between (utive and extinct volcanoes. * An active 
volcano may be defined as a passage or pipe which affords to deep-seated 
mineral matter in a state of fusion the means of transmission through the 
earth's crust, and of egress at its surface. A passive or extinct volcano is 
one in which this communication is obstructed, either by a plug of solidified 
lava, or by accumulations of fragmentary matter — a dissipation, temporary 
or penhanent, of the eruptive energy permitting the solidification of the 
molten matter. Should an augmentation of the eruptive force occur, the 
plug will either be shattered and ejected in the form of lapilli and ashes, or 
re-melted and poured out as lava ; but if it be unable to reopen the old 
passage new vents may be produced, either within or without the lip 
of the crater.* (Rutley.) It will be noticed that in the definition of an 
active volcano, last given, no mention is made of a hill or mountain. 
No doubt this is because the essential and most important part of the 
volcano is the pipe or tube through which the ejected materials are sent, 
and also because the hills or mountains when present are built up out 
of the materials sent out, and are thus the results, and not the causes, of 
the volcanic activity. In the definition of an extinct volcano we must also 
notice that though no volcanic action of any kind is now taking place, yet 
it is possible that activity may again burst forth. Before A. D. 79 Vesuvius 
might have been regarded as an extinct volcano, for the great crater called 
Somma, which then occupied the summit, had never been known to be in 
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activity. But in that year it came into sudden activity ; half of the crater 
was blown away, 'a great eruption took place, and the new crater, the 
present Vesuvius, was foniied within the old one. It has continued in 
activity at intervals ever since, new cones being frequently formed, or old 
ones altered in shape. In the Auvergne district of central France many 
•denuded cones of extinct volcanoes still exist. No record or tradition of 
any eruption, however, remains. Even when the cone has entirely dis- 
appeared, the neck or solidified plug of lava may still remain to fix the site 
of a volcanic vent. When a volcano only throws out steam and gases, it 
is said to be dormant, or in a quiescent state. Renewed activity may occur 
at any time. A dormant volcano usually forms only a small cloud of steam 
near its summit. 

158. Signs of an Eruption. — In some cases eruptions take 
place without any warning symptoms, but in other cases there 
are indications for various periods beforehand. Loud rumbling 
sounds are heard from the mountain, and as these increase in 
intensity shocks of earthquake follow the noises, and the quak- 
ings return at shorter and shorter intervals. These form one 
of the surest and most general signs of an eruption, especially 
when the volcano was previously quiet. The water in wells 
and springs sometimes ceases to flow. This is no doubt owing 
to the disappearing of the water into rents and fissures below. 
At other times springs issue forth in fresh places, or wells which 
were before pure become muddy. The sea, too, may be affected 
by the ground shocks, rising and sinking in an unnatural way. 
But all these signs may fail and the eruption come quite 
suddenly, as did that of Vesuvius in 1853. 

159. Phenomena accompanying an Emption. — After the 
signs and warnings, or without them, as may be, the vapour 
from the crater at the top of the vent increases in volume while 
the lava ascends in the pipe or funnel, and the phenomena 
usually occur in the following order : — 

(i) The outbreak begins with a mighty shake of the mountain, and the 
highly expanded steam and gases burst forth, scattering in tremendous 
explosions minute fragments of the lava. These explosions are quickly 
repeated, and huge ball-like masses of steam are driven upwards towards 
the sky. If there is little wind these rise nearly straight up and then spread 
out to form a horizontal cloud, so that the appearance of the column and 
cloud is like that of an Italian pine-tree called the stone-pine. This pine- 
tree column, consisting of steam, gases, and fine particles of volcanic dust, 
reflects the glowing redness of the masses of heated rock and molten lava 
in the crater l^elow, producing the appearance of flames. That they are not 
real flames, but produced by the reflection of the lava glow in the crater 
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on the millioDS of sleam bubbles in the column, is evidenl from the tact 
that they show no fluttering motion, and are not driven out of their steadi- 
ness by any wind. The sieam-cloud soon begins to condense, and a great 
down&ll of rain occurs, sweeping the loose volcanic dust down the slopes 
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of the mountain, and forming torrents of mud-Iavn that often do more 
destruction than the real lava stream. Lightning and thunder accompany 
such an eruption, the electricity being probably generated by intense friction 
of the steam and dust particles. 

(2) Closely following and partly accompanying the outburst of steam 
and gases there is a great discha^e of <iusl, a^es, and stones. These are 
derived [>arlly from the lava in the funnel, and partly from the walls of th: 
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cratei, and either fall back on the sides of the cone, increasing the size of 
the mountain, or into the crater, whence they are again ejected, each lime 
being reduced to finer powder. Some of the very fine powder is carried 10 
a great height in the steam column, and may be driven immense distances 
by the wind. 

(3) The lava itself rises up the central funnel, and either overflows the 
lip of the crater or bursts its way through fissures in the sides of the cone. 
In this case there form on the hill secondary centres of eruption, throwing 




out c nders and ashes and bu Id ng up small paras t cal cones From the 
streaming lava itselfgreat clouds of steam anse. The outflow of lava usually 
marks the crisis or culminating point of the eruption. 

This se<juence of events is not always followed, and there have been 
many eruptions where only steam and ashes have been sent forth. At 
other limes there has been a great outburst of lava with little steam and 

160. Prodnatsat MiKmptioii.—Wemay place Iheproductsof eruption 
under the following heads : (l) steam and gases ; (2) fragmental materials ; 
(3) lava. 

(I) Steam and Gases.— Tht most abundant of the substances ejected is 
steam or water gas. As before stated, it is erupted in tai^e globular masses, 
each of which is the product of an explosion in the molten lava of the funnel 

But besides steam there are the following gases ; carbonic acid, hydro- 
chloric acid, sulphur dioxide, sulphuretted hydrogen, sulphuric acid, 
nitrt^n, and ammonia. Some of these volatile sul»tances react on one 
another and on the heated rocks, forming a num1>er of secondary products. 
Thus the sulphuretted hydrogen and the sulphur dioxide produce by their 
reaction water and free sulphur (SO, + aSHj = 3S + 2H,0). This free sul- 
phur thus produced, not sent out of the volcano as such, is deposited in the 
fissures and cavities of the crater. 

The hydrochloric acid acts on the rocks, uniting with the iron to form 
yellow ferric chloride. The acid gases form with the heated lavas other 
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soluble salts, as sulphates, chlorides, carbonates, &c. The free hydrogen 
is inflammable, and burns with a pale blue flame, which is sometimes 
coloured by metallic oxides ; but, as already remarked, the huge red glow 
so conspicuous at night is not due to flame, but is only the reflection on the 
steam-cloud of the heated lava below. 

(2) Fra^mental Prodticis. — These consist of the solid materials sent out 
during an eruption, and are of various sizes and kinds. Some of the broken 

material is formed of pieces torn off" the rocks 

through which the eruption has occurred, but 

most of it consists of ragged cindery lumps 

blown away from the lava bubbling and 

seething below. The larger angular pieces 

are spoken of as volcanic blocks. At times 

masses of fluid lava are sent spinning into 

the air, and these during their rotation acquire 

a globular, oval, or pear-shaped form, and 

^ hardening as they fall are called volcanic 

_, ^r 1 • « L lx)mbs. A volcanic bomb is thus a round, 

Fig. 52. -Volcanic Bombs. ^^^j^ ^^ pear-shaped mass of cooled lava that 

has acquired its form when rotating in the air. It may vary in size from 
a few inches to two or three feet in diameter. It is often cellular inside, 
the lava having l>een distended with bubbles ; sometimes hollow, but 
occasionally it has a solid nucleus. 

Scorice or cinders is the name given to the rough, angular, 
cindery-looking material sent out from the volcano, or forming 
the slag and scum on the surface of some lava streams. The 
word * cinders ' only refers to the appearance of the substance, 
and does not mean that it is a partly burnt fuel like the cinders 
of a fire. Scoria resembles more the slags and clinkers of an 
iron furnace, which are the partly fused glassy rock. 

Pumice is the light, porous, rocky material sent out from 
the crater or formed on the surface of glassy lavas. Its com- 
position and description will be found in a previous paragraph 

(139). 

Lapilli are small ejected volcanic fragments varying in size 

from a pea to a nut. 

Volcanic ash or dust is the fine light grey powder or dust formed partly 
from the bubbling lava, and partly by the attrition or friction of the 
ejected loose materials. These often fall back again and again into the 
crater, and are thus reduced to smaller and smaller particles, some as large 
as sand grains, but others finer than the finest flour. It is so called from 
its resemblance to the ashes of our fires, not because it is the incombustible 
mineral residue of a fuel. So minute are the particles of this volcanic dust, 
that it readily finds its way through the smallest chinks into houses, boxes, 
drawers, &c. This finely divided volcanic dust is sometimes carried by the 
steam column to a height of several miles, and then borne away by the 
upper currents of the atmosphere to very great distances. Dust from the 
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Icelandic volcanoes, for instance, has often been known to fall in Norway 
and Sweden. The eruption from Vesuvius in 472 A. D. carried ashes over as 
far as Constantinople. It has even been met with by ships at sea at a 
distance of more than 1,000 miles from the volcano that has thrown it out. 
In this way volcanic dust becomes spread all over the ocean. Some of the 
pumice sent out from volcanoes is also cast into the sea, and carried away 
by the waves far from land. In time this pumice sinks. There is thus 
formed on the floor of the ocean a deposit of these volcanic materials, so 
that from the deeper portions (above 2,000 fathoms), where no sediments are 
brought, and where no calcareous remains fall, as they are dissolved before 
they reach the bottom, pumice and ashes have been dredged up, as well as 
certain red, grey, and chocolate-coloured clays, due to the decomposition of 
these volcanic materials. The presence of this deposit of red clay was one 
of the most important facts discovered in the expedition of the * Challenger.' 
The colours are due to the presence of oxide of iron and oxide of manganese. 
A remarkably violent eruption took place on the small island of Krakatoa, 
in the Sunda Straits, between Java and Sumatra, during the year 1 883. 
Up to May 1883 the volcano, which formed a peak nearly 3,000 feet high, 
had been inactive for a long time. In that month shocks began to be felt, 
and steam was seen issuing from the summit. The activity of the volcano 
gradually increased, until a series of tremendous explosions on August 26 
and 27 blew away the cone and the greater part of the island. The sea in 
the neighbourhood was thrown into huge waves, which, sweeping over the 
coasts of Java and Sumatra, destroyed several villages, and drowned 30,000 
people. Immense quantities of pumice, lapilli, ashes, and the finest dust 
were thrown into the atmosphere. Ships within a distance of twenty miles 
were in total darkness during the 27th, and the dust was observed falling 
by vessels at a distance of 1,000 miles. The sea was covered for several 
weeks with a great thickness of floating pumice. So great was the concus- 
sion produced in the atmosphere that the air vibrations disturbed the whole 
atmosphere of the globe. The finest particles of dust remained for a long 
time floating in the upper currents of the air, and were carried by the wind 
all over the earth. The presence of this impalpable volcanic dust caused 
a peculiar glow in the sky at sunrise and sunset for several months in 
nearly every country, and rain and snow which fell in Spain and other 
distant parts were found to contain the same materials as those forming the 
ashes from Krakatoa. 

161. Lava Streams. — The composition and varieties of lava have already 
been described in speaking of igneous rocks. The rate at which a lava 
stream flows varies considerably. Sometimes it flows down the mountain 
cone like a rapid river, but usually it is very viscous and flows slowly. The 
slowly moving lavas have a wrinkled and twisted surface like coils of rope, 
but the currents that move quickly usually give off great quantities of steam, 
and this causes the upper layer to become scoriaceous or cindery. It thus 
appears that a large mass of water imprisoned in the lava increases its 
mobility. This upper layer of scorise is very vesicular, and the ragged, rough 
masses are very difficult to walk upon. A section of a lava stream has 
been shown and described in Fig. 40. All rocks are bad conductors of heat, 
and therefore when once a solid crust has formed, the interior portion 
retains its heat for a long time — in very thick lava streams for many years. 
During the slow cooling it often splits up into more or less regular columns, 
such as those seen in the mud of a dried-up pool. This explains the 
columnar structure of basalt already referred to (par. 139). 
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II should be reiiiembered that the fine ashes, lapilli, pumice, bombs, an4 
scoria: are all formed froni the lava, and have theiefore the same cotnposi- 
tion as the lavi from which they ace derived. 

As already mentiotied, lavas are maitily silicates of the following metals 
— aluminium, magnesium, calcium, iron, potassium, sodium — in varying 
proportioTis ; these silicates being formed l:y the union of the binary com- 
pound silica (SiO^) with the oxides of these metals. The acid lavas, or 
those containinga large proportion of silica (66 to 80 per cent.), as trachyte, 
are lighter in colour and more difhcult to melt than the basic lavas, as 
basalt, which only contain 45 to 55 per cent, of silica. In all cases oxygen 
forms nearly one.half the weight of all lavas (see par. 139). 

Some lava currents are congealed before they reach the bottom of the 
cone, while others reach many miles. Lava streams from Vesuvius have 
several times reached the sea, a distance of about five miles. A stream 
came from one of the numerous lateral cones of Etna of 1669 which reached 




a length of fifteen miles, with a width in some places of five miles. It 
ran the first thirteen miles in twenty days. In 17S3 a stream fifty miles 
long and twelve miles broad issued from Skaptar Vokul in Iceland, Where 
a volcano reaches above the snow-line, like Cotopaxi, the outpour of lava 
sometimes produces great floods. Eruptions occasionally take place beneath 
the surface of the sea, throwing up huge columns ol water, and in some 
cases causing an island to appear. In 1831 an island called Graham's Isle 
was thrown up off the coast of Sicily to a height of 600 feet by a submarine 
eruption. In the course of a few months, however, this scoria cone was 
washed away by the waves, and the materials spread over the sea bottom. 

i6z. Came of Emption*.— It is plain, from the enormous discharge of 
steam during volcanic eruptions, that the vapour of water plays a very im- 
portant part in these phenomena. The expansion of large volumes of steam 
when under great pressure is believed by many writers to be the chief cause of 
the rise of lava, as well as the cause of the ejection of the cinders and ashes. 
When the water penetrates into the cavities where molten matter is present, 
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the steam generated is thought to exert such force as to press up the lava 
in the duct of the volcano, and then burst in huge bubbles as the pressure 
on it lessens near the surface. Other writers state that the rise of lava is 
due to a slight shrinking and contraction of the earth's crust. 

163. Structure of Volcanic Mountains. — The cones and craters of 
volcanoes have many varieties of form, and during an eruption great changes 
are often produced. They range in height from a few feet to nearly four 
miles. Vesuvius is not quite 4,000 feet, Etna is 1 1,000 feet, and Cotopaxi, 
in Peru, 18,876 feet. The cone which constitutes the mountain is built up 
of the materials ejected from the crater, though some of the finer materials 
are carried, as previously shown, by the winds and distributed over the sea 
and distant lands. The materials, however, mostly descend round the spot 
where they are thrown out, and the thickness of the deposit liecomes less 
and less at a greater distance from the vent. There is thus built up a 
conical structure, truncated or cut off at the top, the materials of the sides 
of the cone being arranged in layers sloping outwards, but the materials 
that fall within the crater slope inwards. In some cases, owing to the 
action of the wind, the cone is much higher on one side than on the other. 

Some cones are built up almost entirely of scoriae or cinders, 
and these constitute the fragmentary materials sent out. There 
is a large number of such cinder-cones among the extinct 
volcanic peaks in the Auvergne district. In the Lipari Islands 
are found cones almost entirely composed of pumice. Such 
pumice-cones have been formed of the material exploded from 
the surface of a glassy lava. 

Some cones are mostly formed of the smaller fragmentary 
materials called lapilli and ash. As already explained, rain 
often causes this to come down as mud, which consolidates in 
layers of volcanic tuff or tufa. The tuff-cones have nflt such a 
steep slope as the cinder-cones. 

There are cones composed partly of scoria and partly of tuff, 
the materials being arranged in layers so as to have a stratified 
arrangement 

Cones are found which are almost entirely composed of lava flows. 
The lava, as it wells out, either accumulates in dome-shaped masses or 
spreads out on all sides in such a way that a great conical heap is formed 
with a very wide base. The great volcano of Mauna Loa in the island of 
Hawaii, one of the Sandwich Islands, is a lava cone, and has a height of 
nearly 14,000 feet, and a breadth at the base of seventy miles. The slope 
is therefore very small compared with the slope of such volcanoes as Etna 
and Vesuvius. Its crater is a huge pit two to three miles across and over 
700 feet deep, at the bottom of which is liquid lava. Kilauea is another 
great crater on the side of the same mountain, but sixteen miles distant 
from Mauna Loa. The crater is several hundred feet deep and nearly 
three miles across. In the centre of this huge pit is a seething, fiery, 
liquid lake of lava. The molten rock heaves and bubbles with the fluidity 
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of mollen iron, dashing in waves against the solidified walls of lava, or 
ihrowii^ up on ils surface cones and fountains of lava. At intervals of a 
few yenrs the fiery liquid rises up to the biim of the crater and overflows, 
or, as is more usual, bursts through rents iti the side of the mountain. 
The two C[a.teTS do not appear to have any connection, though situated or. 
the same mountain, and they are diHerent from most other volcanoes 
in only discha^ng lava, which is of a very glassy kind, and in their dis- 
charges being seldom accompanied by any great explosions. 

But most of the volcanic mountains of the globe are built up ]:arlly of 
fragmentary materials and partly of lava that has runMoun the sides. 




ippearance- 



These alternate in such a way as to g 
when seen in section. 

Such cones are called compmite cc 
cone, the first exhibiting the cone a; 
showing it in vertical section. 

But even this view of a composite cone is not quite complete. As the- 
molten lava is bdng forced up from below, some of it is injected into 
cracks and fissures in the cone, and at limes one of these fissures opens on 
the flanks of the cone, and a small lateral cone is then produced. But 
much of the lava injected into these fissures solidifies there, and forms veins 
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or walla of mck known as dykes. These dykes Iraverse ihe layers of ash, 
luff, and lava previously sent out. Fig. 55 is an idea] seclion of such a 
dyke- traversed composite cone, showing also lateral parasitic crates. We 
may therefore say that three kinds of materials enter into the stnicture of 
most volcanic cones ;— (I) loose scoriae, lapilli, and ash, arranged in layers 
on the side and giving it a stratified appearance ; (2) lava streams that 
have been sent out from the crater or from fissures in the sides, and, flowing; 
down the cone, have become intersl ratified with the loose materials ; (3> 
dykes or masses of lava filling up cracks and fissures in the cone. 

164. The brater of n volcano is the cup-shaped depression or chasm 
found at the summit or on the flanks of ihe hill, and at the bottom of 
which is situated the duct or pipe that communicates with the heated 
interior. It has usually a circular form, owing to the expansion in all 
directions of the explosive vapours that rise from below Craters viry in 
sue, some of the verj lar^e ones being more than a mile in diameter and 
more than i thousand feet deep The inner walls of the crater frequently 
present a rough and rugged appearance The bottom of the enter when 
(juieicent is i rough plain with here and there heaps of loose mitenil 




giving off steam and hot vapours. At night the glowing lava may be seen 
through fissures. 

165. Errort aboat Voloknoet.— We often find, especially in older 
boohs, many mistakes in the definition of a volcano. For example, a 
volcano is often descfil«d as ' a burning mountain sending out fire and 
smoke from its summit.' Now, as we have seen, the essential part is the 
duct or pipe communicating with the heated interior, and at the beginning 
there is often no mountain at all, the mountain being built up of the 
materials ejected. The fieiy glow that is usually seen is not due to burning 
or combustion, for this and the supjmsed flames are caused by the reflection 
in the steam.cloud of the red-hot lava in the Crater below. What is 
spoken of as ' smoke ' is only the condensing water vapour sent out in 
great globular masses from the heated lava. Real steam is invisible, but 
as soon as it comes into contact with the colder air it begins to condense 
into minute particles of ' water-dust.' These minute particles of water- 
dust form what is usually spoken of as the steam column, which after 
attaining 1 great height is still further condensed, and falls in drops as 
rain. Nor does the volcanic action always take place at the summit of 
the hill where one has been formed, as eruptions frequently occur throu^ 
fissures formed in the sides. 
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For more correct definitions than the above see paragraph 157. 

166. Number, FositioiL, and DiBtribution of Volcanoes. — The number 
of active volcanoes now found on the surface of the earth is a little over 
300. If we include those extinct volcanoes which still possess a conical 
form and signs of a crater we shall probably find the total nearly 1,000. 
One of the first things to notice regarding the position of volcanoes is the 
fact that they are mostly situated on islands, or on the borders of con- 
tinents. The only exceptions to this rule are five or six volcanoes said to 
exist in Central Asia, in the Thian Shan Mountains and Manchooria, and 
two or three in Central Africa. 

Another interesting fact regarding their position is that they are found 
in all regions of the globe, from Iceland and the Aleutian Islands, through 
the tropics to the Antarctic continent, though they are more numerous in 
the torrid than in any other zone. They seem to follow certain lines, as 
will be seen on reference to the map. Over 200 of the active volcanoes, 
too, are found on the coast-lands or islands of the Indian and Pacific 
Oceans. On the east side we can trace a line of volcanoes through the 
lofty chain of the Andes, then through Central America and along the 
west coast of North America. The volcano of Jorullo, on the coast of the 
Mexican table-land, is noteworthy from the fact that it was entirely built 
up to a height of over 1,300 feet in a single eruption in 1759. This line 
then crosses over from North America by the Aleutian Isles to Kamtschatka 
•on the western side. In Kamtschatka there are 12 active volcanoes, in 
the Kurile Islands 10, and in the Japanese islands over 20. From Japan 
the line of volcanoes passes through Formosa and the Philippine Islands to 
the Malay Archipelago. In this great group of islands volcanic activity 
seems at its height. In Java there are about 40 volcanoes, and in Luzon 
and the Philippines 21. In the Malay Archipelago the volcanic line 
bifurcates. One branch goes westward through Java and Sumatra, along 
the eastern side of the Bay of Bengal ; another branch turns to the south- 
east through Celebes, New Guinea, the Solomon Islands, and the New^ 
Hebrides. A continuation of this line passes into New Zealand, .and to 
Mount Erebus and Mount Terror in the Antarctic continent. Another 
:great volcanic line may be traced down the eastern side of the Atlantic, 
from Jan Mayen and Iceland through the extinct volcanoes of the Faroe 
Islands and those of the west of Scotland to the Azores, Canaries, Cape 
Verde, and other volcanic islands lying off the coast of Africa. This line 
appears to be connected with a great submarine ridge that runs down the 
middle of the Atlantic. One branch from this passes into the West Indies, 
where there are six active volcanoes, while another branch passes into the 
Mediterranean. Vesuvius is the only active volcano on the mainland of 
Europe, but on the islands of the Mediterranean there are four or five — viz. 
Stromboli and Vulcano in the Lipari Islands, Etna in Sicily, Santorin and 
Nisyros in the Grecian Archipelago. It is believed that this linear arrange- 
ment of volcanoes is owing to the fact that they occur on lines of fissures 
in the earth's crust. The great volcanic bands just described run very 
near to the lines of great mountain chains, and probably owe their positions 
to the great lines of fissures on the globe. Even in a smaller group, as on 
the island of Vulcano, the craters often show this linear arrangement, 
although there are some cases where the vents do not follow the line of 
fracture in the earth's crust. 

167. Solfataras, Mud, Volcanoes, &c. — After the energy of a volcano has 
•declined, it sometimes passes into what is called the Solfatara stage, A 
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solfatara consists of cracks or fissures from which various kinds of vapours 
are sent forth. These vapours contain sulphur, chloride of sodium, alkaline 
sulphates and other substances, and these are often deposited on the lips 
and sides of the orifices. The smoking cracks in Tuscany are known as 
soffioni, and the issuing vapours contain boracic acid. Fumaroles are 
fissures, often on the surface of a lava-flow, from which steam and other 
gases are ejected. Mud volcanoes or Salses are vents from which mud and 
water are ejected. The mud usually forms in a conical mound around the 
orifice, but this seldom rises above twenty or thirty feet. There are groups 
of mud volcanoes in Trinidad and in the neighbourhood of the Caucasus 
Mountains, the discharges from which contain naphtha or petroleum, 

1 68. Earthquakes. — Earthquakes are vibrations, or fon^^ard 
and backward motions of the ground, caused by a wave of 
elastic compression passing through the crust of the earth. 
That the movement is of the nature of a wave is evident from 
the fact tliat it is not felt at the same time and with the same 
force over the whole of the district affected. It appears to 
start from a centre and spread out with diminishing intensity 
in all directions, and consists of several successive movements 
ending very gradually. Further, trees, steeples, and other tall 
objects have been noticed to sway backwards and forwards like 
the mast or funnel of a ship rocking on the sea. Besides this 
wave-like motion there is usually a vertical uplifting movement, 
and rumbling noises are heard both from the ground and in 
the atmosphere. The study of earthquakes is called Seismo- 
logy (Gr. seismos, an earthquake ; and logos, a discourse), and 
the instruments used in the study are known as seismographs 
and seismometers. 

169. Number and Difltribntion of Earthquakes.— Earthquakes are of 

much more frequent occurrence than is usually supposed. Probably one 
occurs at least every week in some part of the world, but most of them are 
only slight shocks. The most violent earthquakes take place in volcanic 
regions, though some districts that suffer from these movements are free 
from volcanoes (see map). Still, it is certain that the two phenomena are 
connected, for the most violent earthquakes occur in the neighbourhood of 
volcanoes, and earthquake shocks often precede and accompany vojfcanic 
activity. It has also been noticed that a series of earthquakes in one dis- 
trict has stopped on the outbreak of a volcano in an adjoining district. The 
great earthquake region of the Old World is a district stretching from the 
Azores, along the northern shores and the islands of the Mediterranean, 
through Asia Minor to the Thian Shan Mountains. In the New World 
the western shores of South America are frequently visited by intense 
shocks. Among the Andes of Chili a shock of some kind is said to occur 
every few days. The Japanese islands are also frequently visited by earth- 
quakes, and special attention is given to these phenomena at the Imperial 
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Collie of Tokia. The earthqiinkes occurring in Britain .ite always slight. 
Nearly one-third of those known have taken place in the county of Perth. 
On April 22, 1884, an earthquake occurred in the neighhourhood of 
Colchester which damaged some of the huildings. 

17a. CaiueE of EiTthquakM. — It is not easy to ait^ign the causes of 
earlh<)uake action. Some of the slight tremors have l)een connected with 
variations of 




the interior of the 
«arth. Some of them 
may be consequences 
of the contraction of 
the earth's crust on 
cooling, by which great thicknesses of strata are broken and displaced ; 
others may arise from the sudden generation and expansion of steam ; 
while others may lie the result of the tailing in of immense cavities in the 
earth's crust. By oltserving the position of the place where the shock is 
vertical, and by ascertaining the angle at which the earth-wave reached 
the surface at other places, it has been found possible to determine the 
position of the place in the earth's crust where the shock originated. It 
is interesting to know that the depth of the point of origin is believed to 
be in all cases less than thirty miles. 

171. Effect! of BttrthquakBs.— We ate very prone to imagine that 
earthquakes are among the mightiest forces affecting the surface of our earth. 
This is a mistake, for, although they often produce great destruction of life 
and great devastation among buildings, their permanent effects are often very 
slight. Vet at times lai^ masses of rock and earth are displaced, changes 
of level are produced, atSfissuresfotmed in the surface of the ground. The 
coasts of Chili and New Zealand have several times been raised by earlh- 
<iuakes. At Cutch, on the delta of the Indus, an earthquake in 1S19 
produced a depression in one part and an elevation in another. The 
greatest effect is produced when the or^n of the shock is lieneath the bed 
of the sea. The earth-wave produced in the solid land causes huge sea. 
waves to form, and the distance to which these sea-waves extend is often 
very great. The sea-wave of the Iquique earthquake in 1877 was felt in 
all parts of the Pacific Ocean, from New Zealand in the south to the shores 
of Japan in the north. Much of the destruction produced at the great 
Lislxin earthquake in 1755 was owing to great sea- waves thirty to sixty feel 
high.coming into the Tagus about an hour after the buildings of the town 
liad been overthrown by the shaking of the ground. This earthquake was 
felt over the greater part of Europe, and even in North Africa. At first 
the water of the sea is usually seen to withdraw a considerable distance, and 
then a mighty inrush of large waves followa. The inhabitants of the 
western coast of South America know so well what this drawing back of the 
water means, that they take it as a warning, and often save their lives by 
escaping lo the hills. In 1724 Lima was destroyed by an earthquake, and 
on the evening of the same day a mighty sea-wave eighty feel in height 
came over CilTao. In August 1878 a great part uf Teru and Ecuador was 
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devaslated by an earthquake, and a great sea-wave overwhelmed Arica, 
every vessel in the harbour being either wrecked or carried far inland. 
The rale at which the great sea-waves caused by earthquakes travel has 
been used as a means of calculating the average depth of the ocean in 
which they occur. 

172. Blov HovementsofEIeTation and Sabudence.— Be- 
sides the sudden changes of level produced by volcanic erup- 
tions and earthquakes, there is a certain slow and quiet rise or 
sinking of the land over certain areas of the globe which takes 




Fig. sj.— S, Prestnt Sca- 



I. Old SEi-beach. 



place quite gradually and imperceptibly. These slow changes 
sometimes occur in volcanic districts, but they are also found 
in parts of the world where no volcanic or earthquake activity 
is known to have occurred. 

173. Bigni and Praori of Elevation.— When land has been raised 

above the iea level, it generally brings with il some evidence of having 
been once underwater. On the south and west shores of the island of 
Crete or Qandia are seen the remains of docks and piers belonging to old 
(ireek ports at an elevation of sixteen feet above the present sea level. 
On the Scandinavian peninsula in the Gulf of Bothnia marks were cut on 
the rocks by pilots in 1820, and these showed a ri^e of about four inches 
on being examined by Sir Charles Lyell in 1834. This shows an upward 
movement at the rate of about two and a half feet a century. But while 
the north of Scandinavia is slowly rising, the southern part is slowly sub- 
siding. The evidence mentioned above refers only to historic times ; but 
the existence of mariiu shells and nasai beaclies shows that these upward 
movements have been going on for vast ages. Parts of Tuscany and Sardinia 
have beds of shells at a height of 100 feet above the sea ; while the 
harbours of Tunis are becoming too shallow for the approach of ships. 



96 Elementary Physiography 

Raised sea beaches afford very satisfactory evidence of upheaval. On 
every sea shore where there is a range of rocky cliffs a beach of sand and 
shingle is formed by the action of the waves, and caves are often hollowed 
out of the rock. If the land be raised, both the beach and the cliff are 
lifted up beyond the region of the waves, and a new beach is formed at a 
lower level. This may then be raised, and a third beach formed at a still 
lower level. Such a series of raised beaches occurs in several of the 
Norwegian fiords, on some parts c)f the South American coast, and in other 
countries. 

Raised beaches are also found on the southern and western shores of 
England and on some parts of the Scottish coasts. In some cases the old 
sea-caves, as on the coast of Kintyre, form a range of natural rock-hewn 
compartments at a level of ten to thirty feet above the present tidal limits, 
and are perhaps the most convincing of all the various evidences of ancient 
sea action. 

174. SigxLB and Proofs of Subsidence. — When land has sunk below the 
sea level the surface disappears from view, and the proofs are not so plain 
as in the case of elevation. But there is the evidence derived from the 
disappearance of human erections, from the existence of submerged forests, 
and according to Mr. Darwin from coral islands. It has l)een stated that 
the south and west shores of the island of Crete are rising, but the exist- 
ence of remains of old Greek towns beneath the surface of the water on 
the eastern shore shows that this part of the island is sinking. In the 
southern part of Sweden the remains of houses, which were built of course 
above high-water level, are now buried beneath the water. The west 
coast of Greenland furnishes similar evidences of slow sinking. Sub- 
merged forests are found in some places where the land has slowly settled 
under favourable circumstances. These consist of stumps of trees still 
upright in the soil, often with beds of peaty matter, full of decaying roots, 
branches, and leaves. Such submerged forests are found on the coasts of 
Devon and Cornwall, and a large one exists near Hunstanton on the 
Norfolk coast. 



CHAPTER VIII. 

THE SEA. 

175. The entire surface of the globe is estimated at 
197,000,000 of square miles, and of this a little more than one 
quarter, 5 2,000,000, is occupied by land ; and nearly three-fourths, 
145,000,000, is covered by water. The land consists mainly of 
two great masses known as the Old World and the New World, 
and it is evident from looking at a terrestrial globe that the 
great mass of this land is situated in the Northern Hemisphere, 
there being about three times as much land to the north of the 
equator as there is to the south of it. Though the waters of the 
ocean surround the land on every side, yet they are broken up 
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into certain areas by the arrangement of the land portions, and 
to these various parts we give particular names. 

( I ) The Atlantic Ocean, lying between the western shores of Europe 
and Africa and the east coast of America. 




Fig. 58.— Northern and Southern Hemispheres. 

(2) The Pacific Ocean, lying between the west coast of America and 
the east coast of Asia. 

(3) The Indian Ocean, lying between the south of Asia and the 
Antarctic circle. 

(4) The Arctic Ocean, lying within the Arctic circle. 

f"(5) The Antarctic Ocean, lying within the Antarctic circle. 
We know that our earth is a globe or sphere in shape. If we imagine 
it cut into halves by a plane passing through the two poles and the 




Fig. 59. — Land and Water Hemispheres. 

middle of the Atlantic on one side, and through the Pacific Ocean on the 
other, we call that half which lies to the west of England the Western 
Hemisphere, and the half that lies mainly to the east of where we live the 
Eastern Hemisphere. These two hemispheres may be seen in any atlas. 

But we may also suppose the globe to be divided into halves by a 
plane passing through the equator, and we should then get a Northern and 
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Southern Hemisphere, a figure of which shows plainly the arrangement of 
land already referred to. 

Again, the world may l)e supposed to be divided into halves by a plane 
passing through the meridian of Greenwich, so that London is the centre 
of one hemisphere, and a point (Antipodes Island) in the ocean near New 
Zealand the centre of the other hemisphere. This shows us what may be 
called the Land and Water Hemispheres, as the one is mainly made up of 
land and the other mainly of water. 

176. Composition of Sea Water. — The water of the ocean 
is not pure water, but contains dissolved in it various chemical 
substances known as salts. These salts amount in all to a little 
over 3^ grains in 100 grains of water ; or, in other words, 3^ per 
cent, of sea water by weight consists of dissolved salts : chloride 
of sodium or common salt is the chief, forming 27 of the whole 
3^ per cent of saline ingredients. 

The following table exhibits the exact per-centage composition of sea water. 
One hundred parts by weight of sea water contain — 

Water 96*470 



Sodium chloride . 

Magnesium chloride 

Potassium chloride 

Magnesium sulphate 

Calcium sulphate . 

Calcium carbonate 

Magnesium bromide 

Traces of iodides, silica, &c., estimated 



2700 
•360 
•070 
•230 
•140 
•003 
•002 
^025 

100 'CXX) 

Though the average proportion of salts is, as already stated, about 
three and a half parts in every hundred parts of water, yet there are slight 
variations. 

In those seas which receive a large quantity of fresh water, and where 
there is little evaporation, as in the Baltic, the per-centage of dissolved 
matter is lessened ; while in such seas as the Mediterranean, where evapo- 
ration is greater than the supply, the per-centage is increased. The highest 
per-centage found in the * Challenger * expedition was 3 737 in water taken 
from the middle of the North Atlantic. The Red Sea, however, contains 
the saltest water, the per-centage of dissolved matter being 4*3. This is 
owing to the great evaporation always going on, and because no fresh 
water is poured into it, the supply of water being kept up by a current 
through the Straits of Babelmandeb. The presence of these dissolved sub- 
stances is evident to the taste, for sea water is both salt and bitter. But 
the salts can be readily seen if a small portion of sea water is evaporated 
(see fig. 3). A number of crystals is then found in the basin, and on refer- 
ence to the table of the composition of sea water it will be seen that com- 
mon salt (NaCl) forms by far the largest portion of these soluble materials. 
Each of the substances has its own crystalline form, but the cubical crystals 
of common salt are the most abundant. In the south of Europe and 
other warm districts sea water is allowed to run into shallow beds, which 
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are then shut off from the sea. As the water evaporates, a crust of salt 
forms on the margin, which is afterwards taken out. 

177. How the Sea became Salt.— It is probable that the waters of the 
sea have been salt from the time that the earth became cool enough to 
allow the vapours of the atmosphere to condense and collect in the hollows 
of the surface. No doubt this original atmosphere had in it many saline 
vapours, and ever since this period the rivers and streams that flow from 
the land have carried in solution to the sea the various substances now 
found dissolved in it. As the water that evaporates from the sea is pure, 
the dissolved mineral matter being left behind, and as this water again falls 
on the land as rain, snow, &c., percolating through the rocks and dis- 
solving such mineral matter as is soluble, it may be supposed that the salt- 
ness of the sea increases. There may be a very slight increase, but it 
must be remembered that there is a constant loss of this mineral matter 
in two ways. Some of it is carried back on to the surface of the land 
during storms and high winds, immense quantities of spray being often 
blown inland and carrying with it the dissolved salt. Another check to 
the increase of the saltness of the ocean is the requirements of the animals 
and vegetables that have their abode in it. The carbonate of lime (CaCOg) 
carried down in solution by rivers is the material out of which the hard parts 
of shell-fish, corals, foraminifera, &c., are built up. After their death 
these hard parts accumulate, and form the beds of limestone and chalk of 
which we have previously spoken. Silica (SiOg), though existing in but 
minute quantity, 9 parts in ioo,cxx) of water, is secreted by certain minute 
marine plants called diatoms^ and minute animal forms called Radiolaria, 
It may also be mentioned that sea water contains a certain amount of 
gases in solution, chiefly air and carbonic acid. The oxygen of this air is 
required by the animals that live in the ocean, and is constantly being 
renewed in the wind -tossed waves. 

178. Density or Specific Gravity of Sea Water.— Compared with pure 
water, sea water is found to be slightly heavier ; its mean density being 
I '0275, that of pure water being i. The salter the water is, the greater its 
specific gravity. Fresh water, being specifically lighter, floats on the sur- 
face for a time, but gradually becomes mixed with the heavier water beneath. 
It is owing to this that after a heavy rain, or at some distance from the mouth 
of a large river, fresh water may often be taken from the surface. As water is 
nearly incompressible, the density at various depths shows but very slight in- 
crease, though the pressure increases enormously. At a depth of 1,000 
fathoms there is a pressure of about one ton to the square inch. Since the 
density depends chiefly on the amount of salts in solution, it is found that 
the specific gravity of the open ocean is greatest where the saltness is great- 
est. This occurs where there is great evaporation, and where we have 
winds constantly blowing over the surface, viz. in the trade-wind regions of 
the North and South Atlantic. As a rule the density diminishes from the 
surface to about 1 ,000 fathoms, and then increases again to the bottom. 
Near the coast where rivers enter the sea, and towards the poles where 
much rain falls, and ice and snow are continually melting, the specific 
gravity diminishes. 

1 79. Instruments of Eeseaxch. — Depths of the Sea, — Within 
the last few years much information has been gathered re- 
garding the depth, temperature, and living forms of the ocean 
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The English, American, Norwegian, and other Governments 
have sent out expeditions to explore the deep seas. The most 
important of these was the 'Challenger' expedition. The 
* Challenger * was an English screw corvette which steamed 
away from Sheerness on December 7, 1872, and for three years 
and a half investigated the waters of the globe. During the 
first two years of the cruise Sir George Nares was in command 
of the ship, and he was succeeded at the end of that time by 
Captain Frank Thomson. During the whole time the scientific 
work was under the direction of Sir Wyville Thomson, assisted 
by Mr. John Murray and other men of science. We will now 
give a brief account of the methods followed on board such an 
exploring ship. 

The depth of the ocean is found by the method of sounding. The 
ordinary method of sounding is to let down a weight with a line attached. 
This answers well enough in shallow water, but fails at great depths, 
because when the weight strikes the bottom cannot be learnt, as the line 
still continues to run out. After many experiments it was found that if a 
very heavy weight were attached, the sudden change in the rate indicated 
when the bottom was reached. But such a heavy weight could not be 
drawn up again, and Lieutenant Brooke contrived a simple means by which 
the weight or sinker should be detached on striking the bottom. This 
method has been still further improved upon, and the mode of sounding 
adopted by the * Challenger ' was as follows. 

A block and pulley with * accumulators * is fastened at the end of the 
ship's fore yard. These * accumulators ' are bands of india-rubber attached 
between two discs of wood for the purpose of breaking the strain on the 
sounding line. At the bottom of the accumulators another block is hooked 
with the sounding line rove through. To the end of the sounding line is at- 
tached the sounding rod or tube. The sounding line is marked at every 25 
fathoms,' and lengths of 3,000 fathoms are kept on each reel. The sound- 
ing rod consists of a long cylinder of brass tubing about two inches in dia- 
meter, and fitted with a pair of butterfly valves at the lower end, opening 
inwards. The water that enters the lower end of the tube, while it is sink- 
ing, passes out through holes in the upper part. Round this tube sinkers 
of iron, each 56 lbs. in weight, are attached, i cwt. l^ing usually allowed 
for each thousand fathoms. These sinkers are so fastened to the tube 
about 18 inches from its lower end that they are detached on reaching the 
bottom, and left there. Owing to the enormous pressure at great depths, 
it would be impossible to draw them up. It is known when they have reached 
the bottom and fallen off by the sudden change in the rate at which the 
line has been running out. On striking thp bottom the sounding tube is 
forced into the mud, and the valve prevents the materials thus obtained 
from falling out. In this way not only is the depth at a particular place 



' I fathom = 6 feet; and 880 fathoms, or 1,760 yards, or 5,280 feet = 
I mile. 
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Sounding Rods loi 

obtained, but specimens of the ocean floor are brought up. In Globigetina 
ooie ihe tube sinks eight or nine inches, and in clay abtnil two feeL 

Figs. 60 and 61 give a view of two of the sounding rods used during the 
voyage of the ' Challenger,' with four weights or sinkers in position round the 
lube. These sinkers are cylindrical pieces of iron wilh a hole through the 
centre, through which the sounding tubes pass. They rest on an iron disc nr 
washer, which is held in position by a wire fastened tc 
the upper end of the rod, so that on reaching 
the bottom the wire is set free, and the sinkers 
slide off. 

But there are also other instruinents a.t- 
tached to the sounding line when it is sent 
down. These are a specially constructed and 
protected self-regislering thermometer to mea- 
sure the temperature, a pressure gauge to 
register the pressure of the superincumbent 
column of water, and a water-bottle to bring 
up a specimen of water from the depth reached. 
"Hie thermometer used in deep-sea sounding 
has to he specially constructed to resist the 
enormous pressure to which it is subjected. 
Hence the bulb which contains the mercury, 
or other fluid by whose expansion and con 
traction the temperature ts measured, is en 
closed in a strong glass case, so that its Jndi 
cations ate not affected by the external pres 
^ure. Thermometers are sent down to different ' 
depths, and the temperature ascertained both 
at the surface and at various levels. The 
water-bottle is really a metal cylinder having Z 
a stopcock at each end connected by a rod 
and so constructed that the water flows freelj . 
through it while descending, but when an ^ 
upward movement begins the rod shuts Ihe 
stopcocks and encloses a specimen of the , 
water. On leaving the ship (he sounding line * 
with the instruments attached may be repre 
sented bythe diagram (fig. 62, p. 102), though 
it should be noted that, through fear of damage 
from Ihe motion of the ship, the sounding rods 
and sinkers were lowered into the water before 
the water-botlle and other instruments were ■ 
attached. At first the line is let out slowly, 
but on reaching about 400 fathoms it is allowed 
to run out freely, the ship being kept over the place where the sinkers 
entered the water. The interval of time between the marking of every 
100 fathoms is noted. These intervals gradually increase, owing to the 
sinkers being retarded in their descent ^ the friction of the increasing 
amount of line passing through the water. But the intervals are suffi- 
ciently regular to show that any sudden lengthening of the lime in- 
i^icates that the bottom has been reached. The bottom having been 
reached, the line is carefully drawn up by means of a donkey engine. 
When the thermometer, water-bollle, and sounding tube have reached the 
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surface they are taken on board and detached from the line. The tempe- 
rature indicated by the thermometer is read off and entered into a book % 
the water and the contents of the sounding tube are carefully preserved 
for examination. 

For measurements where there was no reason to expect a depth of over 
i,ooo fathoms the ships used an ordinary deep-sea lead, fitted at its base so 
that an iron cylinder with a butterfly valve can be screwed on. The whole 
can be drawn up from such a depth. 




Fig. 62.— Diagram to illustrate method of sounding on board H.M.S. ' Challenger. *^ 
A, block secured to fore yard ; B, accumulators ; C, block through which sounding line 
passes ; F, pressure gauge and thermometer. E, water-bottle ; D, sounding rod and 
sinkers. 

D^'edging. — Besides the sounding apparatus, a dredge or trawl is also 
used to obtain specimens of the creatures living at various depths, or on the 
ocean's floor. During the latter part of the * Challenger's ' voyage a trawl 
of the ordinary shape was generally used. It consisted of a V-shaped net, 
one side of which was fastened by straps to a stout beam of oak, while the 
other side of the net hung loose. 

I So. Depth and Form of the Ocean Floor. — As a rule the sea is shal- 



Depth of the Sea 



lowest near the land, though in a few cases there is a suilden descent to a 
grea.t depth at a very short distance from the coast. Lowlands have usually 
fallow seas near the coast, and highlands deep water. Thus the seas 
around the British Islands are all comparatively shallow. The Rrealest 




depth in the German Ocean is about lOO fathoms, and in some parts, as 
the Do^er Bank off the northern coast of England, there are very shallow 
sand-banks ; in the Irish Sea the depth is 40 fathoms, and at Dover Straits 
the depth is less than 30 fathoms. For about 100 miles, too, off the west 
coast of Ireland and Scotland the sea is comparatively shallow, and the 
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slope of the Atlantic but gentle. The British Islands are thus situated on 
a submerged plateau, and in all probability once formed part of the Euro- 
pean continent, separated only from Norway by a gulf where the water is 
now 300 fathoms deep. In a similar way New Guinea is proved to have 
once been joined to Australia. From the plateau on which the British 
Islands are situated there is a rather rapid descent into deep water to a 
depth of about 12,000 feet. This stretches as a deep valley for hundreds 
of miles to the west, and ranges north and south almost parallel with the 
face of the Old World. A similar wide and deep valley is found to run 
parallel to the American coast, while between these two deep marine valleys 
rises a ridge which runs down the centre of the Atlantic. The upper sur- 
face of this central ridge is only about 10,000 feet below the surface, but 
the two great ocean valleys on each side of the ridge attain a depth of 
18,000 feet. The accompanying Map III., p. 104, from Dr. Haughton's 

* Lectures on Ph)rsical Geography ' shows the form of the bottom of the 
Atlantic Ocean. The unshaded portions are less than one geographical mile 
in depth — under 6,000 feet. The shaded portions are more than one mile 
and less than two miles in depth, between 6,000 and 12,000 feet. The 
black portions are more than 12,000 feet in depth. This map shows — 

{a) How closely the contour lines of 6,000 feet and 12,000 feet cling 
to the coasts of Africa and South America. 

(^) The remarkable central ridge ('Dolphin,' * Connecting,' and 

* Challenger ') that divides the Atlantic into deep canals, keeping near 
Africa and South America respectively. 

[c] The islands of St. Helena, Trinidad, and Fernando de Noronha 
(especially the latter), rising abruptly from the deepest parts of the sea 
bottom. 

Another mode of.illustrating the depth of the ocean is to show a section 
between two coasts. Fig. 64 is such a section between the coast of Africa 
and the coast of Central America. From this section we see that the West 
Indian islands shut off the deep waters of the Atlantic from the shallower 
basins of the Mexican Gulf and Caribbean Sea. But it must be borne in 
mind that in such a section the vertical scale is a great many times more 
than the horizontal scale. To guard against the false impression that may 
arise if this is not remembered, a small portion of this section which in- 
cludes the Cape Verde Islands is repeated (fig. 65), though even here the 
vertical is ten times the horizontal. 

On reference to the general map of ocean depths (Map IV. p. 107), which 
is shaded for depths different from those taken as the basis of shading in 
the Atlantic Ocean map, it will be seen that each of the deep valleys of 
the Atlantic contains still deeper abysses. One of these lies to the north- 
east of the West Indies ; and here, at a distance of about 100 miles north of 
the island of St. Thomas, the * Challenger ' obtained a sounding of nearly 
4^ miles. Since then the * Tuscargra,' a United States vessel, obtained the 
still greater depth of 4,655 fathoms. 

The average depth of the Pacific Ocean has been estimated at between 
15,000 and 18,000 feet, which is slightly greater than that of the Atlantic. 
The deeper portions may be learnt on reference to the map. The western 
portion of the North Pacific in particular shows some very deep depressions. 
To the east of Japan lies a long deep trough which in one part has fiimished 
a sounding of nearly 5^ miles. This is the deepest sounding yet obtained. 
South of the Ladrone Islands, in the Caroline Archipelago, there is also a 
deep abyss where the * Challenger ' obtained a sounding of nearly 27,000 
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feet. A submarine ridge connects the Friendly Islands, the Fiji Islands, 
and the New Hebrides. 

In each ocean the greatest depths are in the Northern Hemisphere and 
towards the western border. Towards the north in the Northern Hemi- 
sphere the ocean rapidly becomes shallow. Between Great Britain and 
Iceland the depth is mostly under 6,000 feet, and in Behring's Straits the 
depth is only about 150 feet. The southern portions, however, of the great 
oceans are mostly of average depth. 

The Indian Ocean has an average depth of about 12,000 feet, and the 
deepest soundings have been taken on the eastern side. The bed of the ' 
ocean has none of the steep ridges and jagged outlines of mountain scenery. 
There are great ocean plains where the ground is level; there are submarine 
peaks having steep descents ; there are submarine plateaux often connect- 
ing together continents and islands ; there are enormous valleys, and there 
are deep abysses reaching to five miles, and perhaps beyond. But in all 
cases the smoothing and rounding influence of the water has worn away 
the sharp edges so often seen on land, and has given to the steepest 
descents a roundness of curve and outline. It is interesting to observe that 
the deepest sounding, about 5J miles, off the coast of Japan, nearly corre- 
sponds to the height of the highest mountain. Mount Everest has a height 
of 29,000 feet above the sea level. But it must also be noted that the 
mean height of the land, 1,000 feet, is only about one-twelfth the. mean 
depth of the whole ocean, 12,000 feet. If as much land were carried into 
the ocean as would reduce the two to a common level, the ocean would 
still have a depth of about 10,000 feet. The average height of Europe, 
Asia, Africa, and South America is reckoned to be about i, 130 feet; of North 
America, 750 feet ; and of Australia, 500 feet. 

181. Temperature of the Ocean. — As already remarked, much infor- 
mation has lately been gathered respecting the temperature ' of the sea at 
various depths by the researches made during the voyage of the * Challenger ' 
and other vessels sent out for scientific exploration. Thermometers pro- 
tected from the outward pressure of the water are let down during the pro- 
cess of sounding to various depths, or several thermometers are fastened at 
intervals along the rope, and what are called serial temperatures are thus 
obtained. It must be remembered that the freezing-point of sea water is 
nearly five degrees below the freezing-point of pure water, and that, unlike 
fresh water, it contracts down to freezing-point, thus becoming heavier the 
colder it gets. It should also be noted that land is more readily heated 
by the sun's rays than the waters of the sea, but it does not retain its heat 
so long. The water has a greater specific capacity for heat than the rocks 
forming the land ; that is, it requires four times as much more heat to raise 
the temperature one degree than does the land. This greater amount of 
heat is given off as the temperature is lowered, so that warm currents of 
water may thus give up a considerable quantity of heat to overlying colder air. 
On the other hand, cold currents of water from polar regions may reduce 
the temperature of the overlying air. These currents of which we have just 
spoken will be treated of more fully in an Advanced Course. We must, 
however, point out that the great solar heat in the equatorial regions not 
only warms the waters in that part, causing them to become specifically 
lighter, but turns an enormous quantity into vapour. These causes produce 
a flow of the heavier colder water from the poles to the equator, and a 

' Temperatures are expressed in degrees Fahrenheit when not otherwise 
indicated. 
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contrary flow of the surface of the lighter and warmer water from the 
equator to the poles. The direction of these currents is greatly modi- 
fied by the configuration of the coast, and the ridges in the bed of the sea. 
We shall afterwards prove the earth is a globe rotating on its axis from west 
to east, and carrying with it the waters of the ocean and the gases of the 
atmosphere. When, therefore, either water or air is transferred from one 
part of the globe to another, where the rate of motion is different, the 
direction of the water or air current becomes modified. In passing from 
the polar to the equatorial regions, where the rotatory speed is greater, such 
a current is drawn towards the west. A constant current flows from the 
cold Antarctic regions towards each of the great oceans. This forms in 
the South Atlantic what is called the equatorial current. On reaching 
the coast of Brazil the equatorial current divides into two branches, the 
northernmost of which passes through the Caribbean Sea into the Gulf of 
Mexico. Here, under the powerful rays of the tropical sun, its waters become 
heated, and it issues from the Straits of Florida as a mighty river, with a 
temperature more than 20° F. higher than the surrounding water of the 
North Atlantic. Assisted by the prevalent south-west winds, the surface 
drift of warm water from this stream is carried to the shores of Britain, and 
even of Spitzbergen. The cold current in the northern part of the Atlantic 
comes through Davis Strait along the coasts of Labrador and Newfoundland. 

182. Surface Temperatnre of the Sea.~The temperature of 
the surface of the sea varies according to the latitude or distance 
from the equator, and also according to the seasons of the year, 
except in the equatorial regions, which are affected but little by 
change of season. Generally speaking, the surface of the ocean 
near the equator has an average temperature of about 80°, and 
this diminishes as we pass towards the regions of perpetual ice 
round the poles. The highest temperature is found about 6° N., 
and there the sea is usually warmer than the air. In the 
Northern Hemisphere there is a rise in the surface temperature 
of the sea in summer and a fall in winter, the epoch of high- 
est surface temperature being in August, and that of lowest 
temperature in February — a month later than the corresponding 
turning-points in the temperature of the air. The same is true of 
the waters of the Southern Hemisphere — a rise in the southern 
summer and a fall in winter. The highest mean surface tempe- 
rature is that of the southern part of the Red Sea, which is 90°. 

Areas of high temperature from 84° to 85° are the China 
Sea, the Bay of Bengal, a district south of Sumatra, a portion 
of the Central Pacific, and the sea in the Gulf of Mexico to the 
Bahama Islands. Around Britain the temperature of the sea 
varies from about 49° in February to 60° in August. Owing 
to the existence of currents and other causes the lines of 
equal temperature in the temperate regions do not follow the 
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parallels ot latitude, though they correspond more closely in the 
case of the Pacific Ocean than in the case of the Atlantic. 
There is, however, never the same striking variation in the 
temperature of water at any place that there is in the case of 
air. Between the hottest and coldest part of the day there is 
seldom a difference exceeding one degree. The daily change 
in the temperature of the air over the sea is nearly four times 
greater than that of the water on which it rests. 

183. Seep Sea Temperatures. — We may summarise the chief facts now 
known regarding the temperature of the deeper parts of the sea as follows : — 

(a) In the open sea, far from coasts and barriers, a continual decrease 
of temperature from the surface takes place as the depth increases, quickly 
at first, and then more slowly, until at depths of 3,000 fathoms a tempera- 
ture of about 35° F. is reached, and in still deeper areas a temperature as 
low as the freezing-point of fresh water, 32° F. 

{p) The above is only true of the open sea, because where a submarine 
ridge exists, it retards the movements of the lower and colder waters, while 
the higher water passes over the ridge and fills up the area. Thus in the 
Sulu Sea the temperature falls rapidly from 80° at the surface to 50-5° at 
400 fathoms, and this continues up to a depth of 2,500 fathoms. Hence 
this sea is apparently surrounded by a ridge separating it from the ocean 
depth. In the same way the shallow Strait of Gibraltar cuts the Mediter- 
ranean off from the general movements of the waters in the Atlantic, thus 
preventing the entrance of any cold polar water ; anji hence we find in this 
sea a constant temperature of about 54° at a depth of 100 fathoms. A 
similar explanation probably accounts for the finding of two such different 
temperatures as 29° and 43° at nearly the same depth between Scotland 
and the Faroe Islands. 

{c) The layer of water at the bottom of which a temperature of 40° is 
found varies from 300 to 1,000 fathoms in thickness, and the great mass of 
ocean water lies below this layer (see fig. 66). This upper and compara- 
tively thin layer of warm water is usually much thicker in the North 
Atlantic than in the South Atlantic, a fact probably due to the large 
influx of heated water brought by the Gulf Stream. 

i^d) The bottom temperature of the Pacific is on an average one degree 
lower than that of the Atlantic. In the North Pacific it was often below 
35°, while in the South Pacific a temperature of 32*5° was found, and still 
further south (53° 55' S. lat.) the thermometer registered 31° at a depth of 
1,950 fathoms. In the Arctic seas the water has been observed warmer beneath 
than at the surface, though at the bottom and at the surface it may be 
below the freezing-point of fresh water. 

{e) The temperature of the sea sinks more rapidly over shoals and 
shallows than in the open sea. The presence of cooler waters in these 
positions is probably caused by the colder deep layers being deflected 
upwards. 

(/) * All inlaftd %QaSj at great depth, represent the mean temperature 
of the earth in the latitude where they are situated ; whilst in the ocean the 
low temperature of the bottom in every latitude is produced by the cold 
currents setting in internally from the polar regions. ' These cold polar 
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-waters, having a highei specific gravity than tbe warmer surface waters, 
flow along ihe ocean floor towards the equator, the warmer and relatively 
lighter waters from the (ropical regions flowing in the opposite direction. 
As the Arctic Sea is much less open to the Pacific itnd Atlantic (Behring's 
Strait is only 60 miles wide), it is thought that the greater part of the 
cold and dense water near the ocean floor is an indraught from the uncon- 
fined Antarctic seas. 

184. The following diagram exhibits a series of temperatures 
and soundings taken in the Atlantic Ocean by the ' Challenger ' 
between the island of Bermuda and the loo-fathom bank off 
New York. In ^ 

this voyage the j| g g „ 

ship crossed 
what is called 
the Gulf Stream 
Delta at a dis- 
tance of about 
800 miles from 
where it leaves 
the Straits of 
Florida. On is- 
suing from the 
straits thestream 
has a surface 
temperature of 
80° F., and be- 
tween Bermuda 
and New York 
the 'Challenger' " 
found its sur- 
face tempera- 
ture 75°, ten 
degrees higher 
than the water 
near Bermuda, 

and more than New Voik, ^ho»iiig ihe soundings and isotherms af Ihe sea 

twenty degrees 

higher than the water of the cold current coming from Davis 
Strait along the American coast But the warmest water is 
quite superficial. At 60 fathoms the temperature was 71°, at 
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80 fathoms 68°, at 100 fathoms 65°, at 125 fathoms 57°, and 
then it decreased rapidly to the bottom. * It therefore appears 
that the Gulf Stream on May i, 1873, in lat. 36° 23' N., long. 
71° 46' W., was 15 miles in breadth, and about 100 fathoms in 
depth ; that its speed was 3J miles per hour in a N. 60" E. 
direction ; and that it was at that time discharging 4-87 cubic 
miles of water per hour into the North Atlantic basin, equal to 
1 1 6*88 cubic miles per day, or 42,661 cubic miles per year. 
Taking into consideration the high specific heat of water, some 
idea may be formed of the vast amount of heat annually carried 
from the tropics into the North Atlantic. In the section from 
Bermuda towards New York eight soundings, seven temperature 
soundings, and four dredgings were obtained. The bottom 
temperature, at depths exceeding 1,800 fathoms, was again re- 
markably uniform, from 3 6 '5° to 36*8°, the mean being 36*6° ; 
nor was it affected in any way by the cold surface water on the 
north-west side of the Gulf Stream (see diagram). The isotherm 
of 40° was found at a uniform depth of 810 fathoms for 350 
miles N.W. of Bermuda, but after crossing the Gulf Stream 
it rose to 280 fathoms. The other isotherms maintained a 
position parallel to that of 40°.' (* Challenger * Reports — 
* Narrative of the Cruise,' vol. i. p. 157.) 

185. Colonr of the Ocean. — Sailors sing of the * deep blue 
sea,' and it is quite true that far from land and in considerable 
depths the sea possesses a pure bluish tint. Nearer the shore, 
however, the shallow water has a pale green tint, owing to the 
amount of suspended matter, the reflection from the sandy 
bottom mixing with the blue of the water. In some parts the 
varying colour is due to the numerous small seaweeds floating 
in it, or to the countless microscopic animals present. The 
vast quantity of yellowish muddy sediment brought down by 
the great Chinese rivers accounts for the name given to the 
Yellow Sea. 

186. Action of Sea on Earth's Cmst. — Wherever the sea- 
coast is fringed by hills, these are eaten into and gradually 
worn back by the action of the sea. The incessant action of 
the waves breaking against the shores, especially during storms, 
tears away and wears down the rocks, which often fall from the 
'^Hffs in immense masses. 
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This destruction goes on faster with the same kind of rock 
when the cliffs present a vertical face to the waves. Where the 
rocks dip seaward the action of the breakers falling on them is 
greatly diminished, as they roll up the slope with little opposi- 
tion, and without doing much damage. In the end, however, 
with the aid of atmospheric ^encies their disintegration is at 
last effected. Portions become detached, and roll down the 
rocky declivity into the seething water below. 

This erosion of the coast is greatly assisted by the action 
of the rain and frost. The water getting between the fissures 
becomes frozen in the winter months, and the expansive force 
exerted during freezing widens the fissures and loosens the 
particles. The huge fragments thus broken off are caught up 
and hurled about by the waves. They are then broken up 
into smaller pieces, and the ceaseless roll of the waves wears 
off their sharp angles, and reduces them to the smooth rounded 
pebbles which form the gravel and shingle of many parts of the 
sea-shore. These undergo still further destruction, for in time 
the shingle is ground into sand, and the sand into mud. The 
finer this rock debris becomes, the further is it carried out to 
the sea by the action of the tides and currents. 

In the annexed diagram we have the section of a cliff, the 
upper part of which is composed of a hard rock such as sand 
stone, a, rest- 
ing upon a 
softer rock, 
such as marl 
grclay,^. The !^j .< 
action of the - -^ . 
sea on the cliff t: -. 
would wear 

away the soft Fh^. 6;.-AciionoflhtStimlhcRock^ofll.cCoasl. 

rock quickly, and so undermine the cliff as in time to cause 
masses of the hard rock to fall in a heap at the base, c. These 
for a time would protect the lower part from further destruc- 
tion. But the action of the waves would eventually break 
them up and round them into shingle, d, and at last grind these 
into sand, carried further out at e. The finest particles of all. 
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especially those derived from the softer rocks, would be carried 
out as mud to a still greater distance. 

Those who have merely listened to the rolling pebbles on a 
sloping beach, watching the incoming wave hurl them up the 
slope and the retreating wave carry them rattling down again, 
* can have no idea of the immense force exerted by the huge 
breakers striking an exposed ocean coast during a heavy gale 
of wind. On the west coast of Ireland, at Land's End in 
Cornwall, and among the Western Islands of Scotland, it is 
sometimes equal to about three tons on a square foot. Thus 
a surface of only two square yards might sustain a blow from a 
heavy Atlantic breaker equal to about fifty-four tons. In such 
situations the rocks are often scooped and hollowed out into 
the most fantastic forms. Portions somewhat harder, or more 
favourably situated, have better resisted the action of the waves, 
and these stand out as headlands, or detached portions, as 

* needles ' or * stacks.' This unequal action on the harder and 
softer substance also gives rise to channels, breeks, and coves 
of every variety of form. 

The destructive effect of the water of the sea is greatly 
aided by the boulders, pebbles, and sand which the waves toss 
about : just as the sediment carried in the waters of a running 
stream assists in grinding away the banks, so the sea uses the 
masses and shingle of the beach as instruments to pound and 
batter the cliffs of the shore. 

We have thus seen how the sea is continually wearing away the land, and 
how rapid this destruction may be when the materials of the cliffs are but 
soft. The comparatively soft strata of chalk that form the sea cliffs of 
Kent and Sussex are worn away (when not protected) at an average of 
from one to two feet a year. The Isle of Sheppey has lost fifty acres of 
land in the space of about twenty years. On some of the eastern parts of 
the shores of England the crumbling clay that forms the sea cliffs suffers a 
loss of from one to three yards a year. Tynemouth Castle now stands at 
the edge of the sea, though a strip of land formerly intervened. The 
ancient sites of some former towns and villages, such as Auburn, Ravenspur, 
and Hyde on the Yorkshire coast, now lie buried beneath the sea. 

* During the most violent gales the bottom of the sea- is said by different 
authors to be disturbed to a depth of 300, 350, or even 500 feet, and Sir 
Henry de la Beche remarks that when the depth is fifteen fathoms the 
water is very evidently discoloured by the action of the waves on the mud 
and sand of the bottom. But in the deep caves of ocean all is tranquil, all 
is still, and the most dreadful hurricanes that rage over the surface leave 
those mysterious recesses undisturbed.' 
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It must be noted that the sea is not eating away the land on every 
shore. In some parts are places sheltered from the action of the waves, 
and some shores have for a long distance seaward a level sandy beach, on 
which the waves spend their force without injuring the shore. In other 
places the sea, assisted by currents and winds, piles up ridges and hills of 
sand on the shore. Sea-shore sand consists of the water-worn particles of 
previously existing rocks reduced to small grains. It is partly brought 
down by rivers where it was held in mechanical suspension, and partly 
derived from cliffs on the sea-shore. The masses broken off the cliffs are 
first reduced to pebbles or shingle, and then, by the continual attrition of 
these produced by the rolling of the waves, they are reduced to small 
rounded grains. The most abundant material composing sand is quartz 
grains, but mixed with these there is often a quantity of calcareous material 
formed by the trituration of shells. Coral sand is derived mainly from the 
breaking up of coral rocks. 

187. Deposits on the Sea Floor. — Messrs. Murray and Renand divide 
the deposits on the sea floor into (i) terrigefious deposits^ or deposits 
derived from the wasting of the land, and carried down as sediment by the 
action of rivers, waves, and other movements of the water ; and (2) 
abysmal deposits ^ or deposits found only in the deeper regions of the ocean 
basin. 

The terrigenous deposits consist of (a) shore formations, blue mud, 
green mud and sand, red mud — found in inland seas and along the shores 
of continents ; {b) volcanic mud and sand, coral mud and sand — found 
around oceanic islands and along the shores of some continents. The 
43bysmal deposits include pteropod ooze, Globigerina ooze, diatom ooze, 
Radiolaria ooze, and red clay. 

As already remarked, the detritus or waste material produced by the 
action of the waves is deposited at no great distance from the shore, and 
shingle beds are not often met with at a distance of a mile from the coast. 
The finest particles of all are not carried further than 200 miles from the 
shore. These fine particles give rise to the greenish or bltie muds so often 
found at depths of from 100 to 700 fathoms. This blue mud is the most 
extensive deposit now forming near the great continents and in large inland 
seas. Where large rivers enter the sea portions of the finest material may 
be carried to still greater distances. These deposits, now forming near 
the shores of continents and large islands within 200 miles of the shore, 
resemble in all respects the sedimentary rocks of which we have spoken, 
and may at some distant period form the chalks, sandstones, shales, and 
conglomerates of future land. In the deeper parts of the ocean very 
different deposits are found. North of lat. 50° S., at depths varjring from 
250 to 2,900 fathoms, a fine, light-coloured ooze or silt called Globigerina 
ooze is found. It consists chiefly but not entirely of the minute calcareous 
shells of Foraminifera. At greater depths this * modern chalk of the 
Atlantic ' passes into red clay. In some places the calcareous ooze con- 
sists of the thin transparent shells of another class of animals (molluscs), 
called Pteropods. Radiolarian ooze is a deposit met with in the Western 
and Middle Pacific. It consists of minute perforated silicious shells, 
formed by tiny creatures called Radiolaria, that live in all zones, and 
secrete silica for their skeletons. Diatom ooze consists of the flinty frustules 
or cells of diatoms, tiny plants that live on the surface, and after death 
sink to the bottom. These microscopic cells or valves are found in areas 
of great depth far from land. Red and chocolate clays form the chief 
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deposit at the greatest depths. These are mostly of volcanic origin, and 
are produced by the volcanic dust carried by the winds, or from the 
decomposition of the pumice-stone borne by the waves. The colour is 
mainly due to the presence of iron and mangianese oxides. Mixed with 
these clays, especially in the South Pacific, great numbers of sharks' teeth 
and the hard compact ear-bones of whales were brought up by the dredge. 
1 88. The following table gives some of the chief results obtained 
during the numerous soundings of the * Challenger,* and serves to further 
illustrate the remarks made in the preceding paragraphs. The first ten 
results were obtained in the Atlantic, and the remainder in the Pacific. 

Soundings obtained by the * Challenger,^ 
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The absence of the calcareous shells of Pteropods and Foraminifera like 
Globigerina in the deeper parts is accounted for by the belief that the 
calcium carbonate of which their shells consist is dissolved in passing 
through a great depth of sea water containing carbonic acid. Pteropod 
ooze is not met with at a greater depth than 1,500 fathoms, and Globi- 
gerina ooze is seldom met with beyond 2,500 fathoms. Radiolarian ooze 
consists of silicious shells, and is not liable to be thus dissolved. It is 
worthy of note that the dredge showed that plant life ceased at a depth 
exceeding 1,000 fathoms, but animal life is found at all depths, the forms 
from various parts of the abysmal area being very similar, but unlike those 
of the shallower waters. 



CHAPTER IX. 

THE POLAR REGIONS AND THE ICE OF THE SEA, 

1 89. Arctic Ocean. — The Arctic Ocean includes that portion 
of the sea surrounding the north pole, and bounded on the 
south by the northern coasts of Europe, Asia, and America. It 
does not therefore exactly coincide with the Arctic circle, which 
is 23^° from the pole, as it reaches further south at the north 
of the Old World, and at the North Cape where it joins the 
Atlantic. With the Atlantic it has two gateways of communica- 
tion, the wide opening between Norway and Greenland, and 
the narrower passages through Davis Strait between Greenland 
and the great archipelago of islands on the north of America. 
With the Pacific it has only a narrow connection of sixty miles 
at Behring Strait The passage between the Atlantic and 
Pacific along the ice- encumbered channels between the islands 
on the northern shores of America is called the * North-west 
Passage,' and was once much sought after as a route to India 
and the East. The passage along the northern shores of 
Europe and Asia through Behring Strait is called the * North- 
east Passage.' This circular basin included within the above 
hmits is but very partially known. From the parallel of 72° 
north, which skirts its southern land limit, up to the parallel of 
80° it has been often explored, but only a few expeditions have 
proceeded farther north. This is on account of the sea beyond 
being so blocked with ice that ships are not able to make pro- 
gress. In 1875 Sir George Nares reached the latitude of 
82° 10' N. in H.M.S. 'Alert,' and from that ship a sledge party 
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under Commander Markham succeeded in planting the British 
flag in latitude 83° 20' 26" N., 400 miles from the pole. Instead 
of finding the ' open polar sea,' the ice was found to be of most 
unusual age and thickness, and to this region the name Palao- 
crystic Sea, or sea of ancient ice, has been given. Owing to 
the absence of land trending northward, and the polar pack 
not being navigable, Sir George Nares concluded that no ship 




bj-Pad 



could be earned north on either side of Smith's Sound beyond 
the position they had attained. Since then Lieutenant Greely 
has made a slight advance further north. 

The floor of the Arctic Ocean does not much exceed 1,000 
fethoms in depth, and at the point reached by the British expedi- 
tion was only 72 fathoms. 

190. Karlna Its.— On approaching the ice of the polar regions its 

Jitesence is indicated to the mariner by a brilliant band of yellowish- white 
ight along (he horiion called ihe ue-blink. The ice-blink is produced by 
the reflection of the light from the snow-covered ice. The ice of the 
Arctic seas is of two different kinds, the one being formed in the sea, and 
the other coming from the surface of land. The intense cold of the- 
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Arctic winter freezes the water on the surface of the sea, but the restless 
movements of the waves seldom allow a thick covering of level ice to be 
formed, large stretches having an uneven surface being produced. Such 
an expanse of marine ice having no visible limit is called an ice-field. An 
ice-field, then, does not consist of a level sheet, but is an immense 
irregular expanse, having deep hollows and large mounds called * hum- 
mocks,* or hills, and is often interspersed with fissures, which are some- 
times filled with drifted snow. In the winter this frozen sea is kept within 
its narrowest limits, but at the beginning of summer the ice-field, which 
may be continuous for hundreds of miles, begins to break up, the smaller 
detached portions of a field being called ^(O^,^, and a number of floes closely 
compacted together is known as pack ice. It is this pack ice which so 
often forms a barrier impassable to ships even in summer, though at times 
it opens out into channels through which a bold adventurer steers. In 
1806 Captain Scoresby forced his way through 250 miles of pack ice until 
he reached the latitude of 81° 50' N. A pack is sometimes broken up 
into loose masses called drift ice. The ice-fields detached from the frozen 
seas during the summer are carried forwards by waves and currents, and 
sometimes crash together with such force as to produce a scene of terrible 
grandeur, huge floes being broken off" at the edges, and an enormous pile of 
fragments being squeezed together into a mass. 

Many a good ship has been crumpled up like matchwood or lifted 
bodily on to the ice by such an icy embrace. In 1869 the * Hansa,' a 
German exploring vessel, was so damaged by the pressure of the ice 
on the east coast of Greenland that she sank. The crew with their boats 
and provisions established themselves on an ice-floe about two miles in 
diameter. For 200 days they resided on this drifting mass surrounded by 
other floes, and were carried southwards during the summer by the currents 
for a distance of 1,300 miles. At this time the floe had diminished 
greatly in size, but fortunately an opportunity of escape to the coast then 
presented itself. 

191. The Ice-foot. — There is still another form of sea ice. This is 
formed by the sea freezing along the margin of the land, so that a layer 
lifted up by the tide becomes frozen to the shore. Such a shelf of ice 
formed along a shore, as on the edge of North Greenland and other 
islands, is called the ice-foot. The ice formed by the freezing of the Arctic 
seas seldom exceeds seven or eight feet in thickness, but on the coast it 
rises in long rugged ridges to a height of thirty or forty feet. This shore 
ice not only carries loose debris attached underneath, but often receives a 
mass of stones and rubbish from the overhanging cliffs. Much of this ice- 
foot may remain attached to the shores for years, but during the warmth of 
summer the loose bergs and floes driving against it sometimes detach large 
masses, which float away with their load of materials. These are either 
carried until the ice melts and deposits its cargo of blocks and rubbish, or 
the floating raft of ice from the ice-belt becomes caught again in the ice of 
the succeeding winter. 

192. Frozen Sea Water contains Very little Salt.— During the pro- 
cess of freezing the sea water throws out nearly all the salts it contains, so 
that the ice when thawed furnishes fresh water which can be drunk. 

Weyprecht observes, * When the growth of ice is carried on quickly in 
times of intense cold a great number of crystals are formed, whose salt 
particles are not only drawn downwards in the water, but scattered round 
on all sides. In consequence of this the original melted ice consists of 
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crystals loosely adhering logether, and mixed with the solution of salt 
which has been rejected from them all. As the ice grows harder by the 
freezing together of the separate ice crystals, this solution also freezes with 
them in its upper strata. When the latter has attained a certain d^ree of 
thickness the liirlhet formation of the lower strata pri^esses only very 
slowly. The addition of fresh ice crystals from belows goes on regularly, 
but in their formation the salt is almost all carried downwards into the sea.' 
193. Icsbsrgl,— Bui besides the various forms of marine ice just de- 
scribed, there are found in ihe Arctic seas huge masses of ice called ice- 
Itergs. These have been derived from the surface of the land in (he 
Arctic regions, and, having l;een pushed down to the sea, have floated 
away. Nearly the whole surface of Greenland is covered with an jce- 
sheel which advances towards the sea, the rate of motion of the Greenland 




glaciers being much greater than that of Alpine glaciers, nearly loo feet 
a day in summer and 30 to 35 feet a day in winter. Here immense 
fragments are broken off and carried l)y the waves and currents towards 
the south. The ice breaks off fioui one of these Arctic glaciers either 
1>y being pushed along the bottom of the sea till it reaches such a depth 
that, being lighter than water, it is broken away hy the upward pressure 
of the water, or by coming at once into deep water, when the mass is 
snapped off hy its own weight. Fig. 70 explains the origin of icebergs by 
the extension of a polar glacier seaward. 

Some of the largest icebei|[S ore found in Davis Straits, and are often 
of enormous size. They carry boulders and smaller pieces of rock derived 
from the land over which they have passed, and floating southwards they 
often reach as far as the coast of Newfoundland. Here they melt away 
and deposit their load of stony rubbish on the bottom of the .sea. At limes 
icebei^ from the west coast of Greenland have been known to reach 
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derived from Ihe ice-foot. These floating n 

polar curtenls conslilute a source of great danger t( 

ing the American shores from England. Owing lo Ihe coldness of the ai 

produced liy so great a mass of ice its vapour is often condensed into a fog 

so that the berg is only visible at a short distance. 
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Not only do icebergs scatter boulders and gravel over the floor of tKe 
sea, but Ihey often ground in shallow wiler, furrowing and grinding up !he 
sea, bed. In this way la^e masses of seaweed may be loosened and sent 
floating away. The laige number of grounded bei^ on the coast of 
Labrador gives rise lo almost continuous chill fogs during the summer. 
■ The visible portion of a berg is only a fraction of what is below water. 
The specific gravity of ice isabout -92, and the specific gravity of sea water 
nearly 1-03. The ice being thus lighter than water floats, Inil being only 
a little lighter the greater portion is submerged, only about one-ninth of 
the bulk being above wa e As howe e he *ce of en en loses bubbles 
of air, a greater frac on ban h 5 may of en be a owed The ac ual 
A<yA/ above and i^_^A below Ha e depen o orae ex en n he ha>eof 
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the berg. The Arctic bergs are of all sizes, and often of the most fantastic 
shapes. Dr. Hayes measured one which stood 315 feet out of water, and 
was over three-quarters of a mile in length. Assuming that only one- 
seventh was above the water, such a berg would have gone aground at a 
depth of about half a mile. Being continually acted on by the waves and 
the warmth, the floating bergs often fall Jo pieces, or, becoming top-heavy, 
fall over, causing great turmoil in the sen. 

194. The following remarks by C. R. Markham, Esq., the 
Secretary of the Royal Geographical Society, fiarnish a useful 
summary of the terms used in describing the ice found in the 
Arctic seas. 

' Sea water in the process of congelation expels the salt, and its freeiing- 
point is about 28° Fahrenheit. The ice first forms in thin irregular flakes, 
called " sludge," and when this is compact enough to hold snow it is known 
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as ** brash." Gathered into rounded masses it becomes " pancake ice," and 
soon it becomes thicker. The first thin covering is called by the whalers 
**bay ice." A "floe" js a sheet of ice the limits of which are visible. An 
"ice-field" differs from a floe in being so extensive that its limits cannot be 
seen. "Pack ice" consists of broken floes forced together by the winds or 
currents. When the pack is loosened and scattered by a wind from an 
opposite direction the pieces are called "sailing ice." The greatest thick- 
ness attainable by ice in one season is about 7 feet. The results of obser- 
vations made by Sir George Nares in 82° 17' N. on the west side of 
Greenland, and by Captain Koldewey on the east side in 74° 30' N., were 
identical, viz. 6 feet 7 in. Old ice is believed to become thicker in a second 
winter, and even to attain a thickness of 10 feet In the Palseocrystic Sea 
there are floes from 80 to 100 feet thick, but these must be considered rather 
as sea glaciers, formed by accumulations of snow on the ice year after year, 
and the smaller pieces broken from them have been very appropriately 
named "floebergs." These niighty floes are sea-borne glaciers, perpetually 
wasted beneath and restored from above. Icebergs are only met with 
where there are great discharging glaciers on the land or in the currents 
eading from them. Greenland is the principal mother of icebergs. This 
immense mass covers an area of about 5i2,cxx) square miles, and has 
34, OCX) miles of coast-line. It is indented by deep channels or fjords, often 
extending more than 60 miles, with many islands and rocks along the 
coast. The whole of the interior is believed to be capped by an enormous 
glacier always moving towards the coast, and at certain points reaching the 
sea, where masses break off in the shape of icebergs. These icebergs rise 
to a height of 60 to 300 feet above the sea, with a circumference from several 
hundred to several thousand yards ; and from seven to eight times the 
bulk seen above water is submerged, so that the weight of a large berg is 
millions of tons. When pieces break off from a parent iceberg the process 
is called "calving," and the pieces are "calf ice." Recent observations of 
one of the principal discharging glaciers show it to be 920 feet thick and 
i84,(XX) feet wide, and that it advances. at a rate of 47 feet a day during the 
summer season. In Spitzbergen and Nova Zembla there are much smaller 
glaciers, discharging smaller berg pieces. The Franz -Josef Land glaciers 
produce large flat-topped icebergs, which do not, however, float south- 
wards.' — Encycl, Brit. 

195. Antarctic Ocean. — The Antarctic Ocean includes the great body 
of water within the Antarctic Circle, and is a continuation to the south of 
the Atlantic, Pacific, and Indian Oceans. Compared with the district round 
the north pole, the south polar regions are but little known. This is partly 
owing to the great severity of the climate, for its temperature is generally 
lower than that of the corresponding latitudes of Arctic regions. South 
of 62j^S. lat. the temperature of both air and water is almost constantly 
belqw freezing-point even in summer. The greatest known tract of land 
is the line of coast stretching between the parallels of 70° and 78° S., and 
lying between the meridians of 160° and 167° E. long. It was called 
Victoria Land in 1841 by its discoverer. Sir James Ross, Ross succeeded 
in reaching the highest latitude yet attained in the southern seas, 78° 10' S. 
His progress was then stopped by an icy barrier nearly 200 feet high, 
along which he sailed for 300 miles. On this land a mountain chain was 
seen, in which an active volcano, 12,000 feet high, was observed. To this 
volcano the name * Erebus ' was given, after one of the ships ; while an 
extinct volcano to the east of this was called * Terror,' ?' 
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ship. Another explorer, named Wilkes, discovered land in 1839 between 
the parallels of 65" and 67° S., and extending from the looth to the i6oth 
meridian of east longitude. Other portions have been sighted by various 
navigators. 

How far the land stretches is not known ; but from the swarms of ice- 
bergs that are found, from the continental character of the deposits found 
on the sea floor, and from the diminution in the depth of the sea bed on 
going further south, it has been inferred that ihe parts observed are merely 
the outer portions of a large island continent surrounding the pole. Be- 
tween 64" and 66° S. lat., the most southern latitude reached by the 
* Challenger,' depths of 1,675, i>8oo, and I,3CX) fathoms were obtained ; 
but Ross found a depth of only 260 fathoms further south, near the icy 
cliffs of the barrier. This Antarctic land, however, is almost inaccessible, 
as it is completely icebound. Only two explorers have actually landed 
within the Antarctic Circle, though many have seen land. But the ice in 
the vicinity so blocks up all approach to the coast and hides the shore, that 
it is difficult to say where the land begins. In some parts a line of icy 
cliffs 150 to 100 feet high, and called the * Ice Barrier,' runs along the 
coast, rendering it impossible to land, whilst in other places there stretches 
a solid mass of ice pushed off" the land, rising 5 or 6 feet above the surface, 
and going probably to a depth of about 40 or 45 feet below. Ross saw 
both these kinds of ice, the ice cliffs and the land ice, and he states that 
the ice cliffs (* Ice Barrier ') are not found where the land is high and 
mountainous. 

196. Antarctic Icebergs. — Most of the icebergs met with in the south 
polar region are tabular flat-topped bergs, and are probably derived from 
the icy barrier already mentioned. They are often bounded by almost 
perpendicular sides, showing one or two stories of upright cliffs with 
crevasses, and having little hillocks of drifted snow on their flat tops. The 
entire mass shows a well-marked stratification, being composed of alternate 
layers of white opaque-looking, and blue more compact and transparent 
ice. The general mass is described as having the appearance of loaf sugar, 
with a slight bluish tint, excepting where fresh snow resting on the top 
and ledges is absolutely white. 

The colouring of the crevasses, caves, and hollows is said to be a pure 
azure blue, so that these southern bergs are magnificent sights. The 
Antarctic bergs also differ from those given off by Arctic glaciers in seldom 
bearing any visible rocks, stones, or dirt on their surface, though it is pro- 
bable that, in the lower parts of the bergs under water, gravel and other 
debris may be present. They are also met with several degrees nearer the 
equator than the north polar icebergs, being carried by the flow called the 
Antarctic Drift Current. Generally speaking, the limits are 35° S. lat, 
and 40° N. lat. (See Map VIII.) 

197. Antarctic Temperatures. — In the month of February, in lat. 
64° 37' S., during the southern summer the temperature of the surface water 
obtained by the * Challenger ' was 32° F., that of the air being 30^. At 
a depth of icx) fathoms a temperature of 29*2° was obtained, but at 300 
fathoms the temperature rose to 33°. The bottom temperature at 1,800 
fathoms was between 33° and 29°. This comparatively warm water at a 
depth of 300 fathoms has doubtless flown southwards from lower latitudes 
to replace the ice and cold surface water drifted northward in summer. In 
the Arctic Ocean there is kept up a freer circulation than in the Antarctic, 
for the warm drift from the Gulf Stream passes into it between Scandinavia 
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and Greenland, and this is partly compensated by the cold current passing' 
through Davis Strait and bringing with it a large portion of the winter's 
ice. * A circulation similar to this appears to be entirely wanting in the 
Antarctic regions ; hence their icebound character.* 



CHAPTER X. 

THE ATMOSPHERE, 

198. Surrounding the crust of the earth on all sides, and 
reaching far above the summits of the mountains as well as 
filling the deepest cavities, there is a vast invisible ocean bf gas 
or vapour which we call the air or atmosphere (Gr. atmoSy 
vapour ; sphaira^ a sphere). This aeriform fluid is drawn 
towards the earth and kept from flying off" into space by the 
force of terrestrial gravity, and it thus shares in all the move 
ments of rotation and revolution of the solid globe. Animals 
and plants are sub-aerial beings, that is, they live beneath this 
air-ocean. It is the region in which many wonderful pheno- 
mena of nature take place — clouds, fog, rain, snow, hail, 
thunder, lightning, winds, and storms. 

199. Composition of the Atmosphere. — In early times air was con< 
sidered as one of the elements out of which the world had originated. 
Air, however, is not an element, nor is it a compound. It is a mixture of 
gases, that is, the gases composing it are not chemically united, but merely 
in a state of admixture. Dry air consists of the three gases — nitrogen, 
oxygen, and carbonic acid — but these are mixed together in very unequal 
proportions. The exact proportions of these gases in 100 volumes of dry 
air are as follows : — 

Nitrogen ........ 79'cx) 

Oxygen ........ 20*96 

Carbonic acid . . ..... '04 

lOO'OO 

From this table we learn that the two chief gases in air are nitrogen and 
oxygen, and that there is nearly four times as much nitrogen as oxygen. 
We have already learnt something about the gas oxygen — how it is pre- 
pared, and how it supports combustion. By removing the oxygen from a 
closed vessel of air we shall have nearly pure nitrogen left. To do this we 
take a small porcelain capsule (f, fig. 72) which will float on water, and put 
into it a small piece of phosphorus. Set the phosphorus on fire by touching 
it with a hot wire, and immediately invert over the capsule a bell-jar full of 
air, keeping the jar well under water. The phosphorus in burning takes up 
the oxygen from the air in the jar, forming dense white fumes of a binary 
compound called phosphoric pentoxide (PaOj). When all the oxygen has 



126 



Elementary Physiography 




been used up the phosphorus goes out. The oxide of phosphorus falls 
down and dissolves in the water to form phosphoric acid (HjPO^) ; the 
water rises in the jar to take the place of the oxygen used up, and the jar 

remains about four-fifths full of a 
gas which is quite colourless after 
all the white fumes have disap- 
peared. This gas is the nitrogen 
of the . air. Nitrogen is a very 
inert gas. It will neither bum 
nor support combustion, and seems 
to serve mainly for the purpose of 
diluting the oxygen of the atmo- 
sphere. This experiment shows us 
that, roughly speaking, ordinary 
air consists of four-fifths nitrogen 
and one-fifth oxygen. More ac- 
curate experiments show that in 
icx) volumes of ordinary air the 
proportions are those given in the 
previous table. But, besides the 

Fig. 72. -Preparation of Nitrogen from Air. "^trogen and oxygen, the air always 

contams a small quantity of carbon 
dioxide (CO.^), or carbonic acid, as it is also called, the presence of which 
can be shown by leaving a saucer containing lime-water exposed to the air 
for some time. A thin crust of calcium carbonate will then be formed on 
the surface of the lime-water, this formation of calcium carbonate with 
lime-water being the chemical test for carbonic acid. The amount of 
carbonic acid is only '04 in icx) volumes, or 4 volumes in every 10,000 
volumes of air. But this amount varies slightly, being a little more in large 
towns than in the country. We have already learnt that when coal and 
wood are burnt, the carbon in these substances unites with the oxygen to 
form carbonic acid. A still larger quantity of this gas is supplied to the 
air by living animals. In breathing air is taken into the lungs and thence into 
the blood, and in all our tissues a kind of slow combustion goes on. The 
oxygen of the air unites with the carbon in- the blood, and carbon dioxide 
is then expired. Decaying plants and animals also when freely exposed to 
the air give off this gas, and it is one of the gases given off from volcanoes. 
Seeing then that carbonic acid is being supplied to the atmosphere from 
all these sources, it may be asked how it is that the proportion of it in the 
atmosphere does not increase. The explanation is that the ^een parts 
of living plants in presence of the sunlight have the power of taking the 
carbon from the carbonic acid in order to build up their wood and other 
tissues ; plants decompose the carbonic acid, retaining the carbon and 
setting free the oxygen. The dry air of the atmosphere is always in a 
gaseous state, and the gases composing it are thus constant in quantity from 
year to year ; and, though the constituent gases have different specific 
gravities, there is no tendency to separation among them, as gases diffuse 
uniformly through the space in which their particles are free to move. 

Slight quantities of a gas called ammonia are present in the air, and of 
an active form of oxygen called ozone, as well as minute particles of solid 
matter which appear as dancing motes in a sunbeam lighting up a shady 
place. But besides the above gases there is always a quantity of water 
vapour in the air, and this quantity does not remain constant. We know 
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thai when a vessel containing water is heated till it boils the water is 
quickly evuporated and passes into the air in an invisible state. But a slow 
evaporation is going on continually from the surface of every exposed piece 
of water — from liver, lake, sea, and very slowly even from ice and snow. 
In ebullition or boiling the bubbles of vapour are generated throughout 
the mass of the liquid, rising to the surface to escape, but in the slower 
process of evaporation the vapour is derived from the surface only. In 
whatever way, however, the water vapour is formed, the air shows no visible 
change on account of the aqueous vapour added to it, for true steam is 
invisible. The amount of water vapour present in air varies considerably 
from day lo day, but no matter how warm and dry the day is, there is 
always some present. This may be proved in the following ways. Bring 
into a warm room a tumbler full of ice-cold water. The outer surface, 
though perfectly dry, soon becomes bedimmed with moisture. The reason 
is that the air near Che cold glass becomes chilled, and as cold air cannot 
retain as much vapour as warm air, some of the vapour is condensed and 
deposited on (he sides of the glass like dew. Another mode of proving 
that air always contains invisible water vapour is to place some strong 
sulphuric acid in a vessel and leave it for a time. This substance has the 
power of absorbing water, and afler a day or two we shall be able to see 
that the quantity of liquid in the vessel has increased owing to the water 
vapour alBorbed into the sulphuric acid from the air. 

200. Hygrometers and the Estiination of 
Water Vapour. — The proportion of moisture or 
water vapour in the atmosphere is constantly vary- 
ing in different districts, and sometimes from day 
to day and hour to hour in the same districts. It 
is hardly ever completely saturated, nor is it ever 
completely dry. The proportion by volume of 
water vapour in the air of our climate is on the 
average nearly 2 per cent. The amount of water 
vapour that the air will contain before it is com- 
pletely saturated varies with the temperature, and 
the wanner the air is the more water vapour will it 
hold. If we say that the air is three-fifths saturated 
we mean that it contains only three-fifths of the 
water vapour that it would hold at that temperature 
were saturation complete. An hygrometer (Gr. 
hugros, moist ; metron, a measure) is an instrument 
for measuring the degree of moisture in the atmo- 
sphere. One of the most convenient of these in- w=^i41'b 
struments is Mason's Dry and Wet Bulb Thermo- Jp™«"- 
meters. Two similar thermometers are placed on a stand side 
by side, one of them having its bulb covered with muslin, 
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which is kept constantly moist by threads connected with a 
vessel of water. The threads draw up the water by capillary 
attraction, and thus the muslin never becomes dry. This mois- 
tened muslin is constantly losing its water by evaporation, and 
the dryer the air the greater is the rate of evaporation. But as 
a liquid evaporates heat is absorbed, and this reduces the tem- 
perature of the wet bulb. The more rapid the evaporation the 
greater will be the difference of temperature shown by the two 
thermometers. Unless the air is saturated with moisture, the 
wet bulb always indicates a lower temperature than the dry 
bulb. From this difference by means of tables we can calculate 
the degree of humidity of the air, the quantity of vapour in a 
certain volume of air, and the dew-point (see fig. 73). In the 
figure the thermometers are Centigrade thermometers, and the 
wet bulb indicates a temperature of 12° C. ( = 53*6 F.), while 
the dry bulb indicates 17° (1 ( = 62*6 F.). 

201. Height of Atmosphere. — Since the air like all other gases is very 
elastic and compressible, that portion of it near the level of the sea will be 
denser than the air near the tops of mountains, being pressed down by the mass 
above. The higher we go the rarer the atmosphere becomes, till at a height 
of about seven miles it becomes so thin or attenuated that breathing is im- 
possible, and at a distance of forty-five miles it has been estimated to be 
so extremely light and rare as to be inappreciable. This limit of forty-five 
miles has been given on account of certain phenomena connected with 
twilight. 

Yet we have proof that it extends even beyond this, for meteors or 
shooting stars have been found to be visible at a height of 2CX) to 3CX) miles, 
and this could only be because they had become ignited owing to the fric- 
tion caused by their rapid passage through the air. These meteors are 
comparatively small masses of matter which, passing into our atmosphere, 
either become heated so intensely as to disappear in a train of blazing gas, 
or fall on to the earth as aerolites or meteorites. Specimens have been picked 
up, and on examination they are found to consist of the same elements as 
exist on our earth, native iron being nearly always the chief ingrfedient. 

202. Preasure of the Atmosphere. — The atmosphere being acted upon 
by the force of gravity exerts a certain downward pressure, and being, 
moreover, a fluid, transmits this pressure in all directions. All fluids (Lat. 

Jluo, I flow), both liquids and gases, possess this property of transmitting 
pressure in all directions, while a solid presses downwards only. The water 
in a vessel not only presses against the bottom, but also against the sides ; 
the air in a room not only presses on the floor, but also on the side walls 
and the ceiling. This upward pressure of the atmosphere may be shown 
by a simple experiment. Take a glass tumbler with a smooth edge, fill it 
with water, and carefully close the mouth with a sheet of writing-paper. 
Keeping the paper in its place with the hand, turn the glass mouth down- 
wards, and then remove the hand. The paper remains in its position and 
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ihe water does not fall out, as it is supported in its place by the upwarcl 
pressure of ihe atmosphere. A man of ordinary size bears a pressure of 
about fourteen tons, but we are not conscious of this atmospheric pressure 
on our bodies, as the pressures in various directions, downwards as well as 
upwards, on the left as well as on the right, &c., neutralise each other, and 
the whole of these pressures on the outer surface is counterbalanced by the 
pressures from within. The gases and liquids in the tissues of our bodies 
are thus acting in opposition to the external pressure of the atmosphere, 
and the balance is so nicely adjusted that any considerable increase or 
diminution in either the external or internal pressures leads to serious mis- 
chief. By ascending in a balloon to 1 considerable height, where the air 
is much rarer and the pressure much less than at the sea level, bleeding from 
the nose and other unpleasant symptoms often arise. The average amount 
of the pressure of the atmosphere at the sea level is nearly fifteen pounds 
( 14'73) on a square inch. The pressure varies a little at certain times and 
in certain places, and it is important that we should be able to estimate the 
pressure at any given time and at any given place with accuracy. The 
instrument used for measuring the 
pressure or weight of the atmosphere 
is called a baroaieter (Greek haros, 
weight; ^nAmetron, a measure), and 
we will now proceed to describe the j| 
' use of this instru- ' 



Z03. Conitniotion of BuomstBr. 

Take a glass tube about thirty-three 
incheslong, closed at one end and open 
at the other, fill this tube quite full 
wilhmercuiy, and closing the open end 
with the thumb, invert it in a cup or 
cistern of mercury so Chat the open 
end dips beneath the surface. You 
will then see the mercury in the lube 
^1 for a short distance, but a column, 
the top of which is about thirty 
inches in perpendicular height from 
the surface of the mercury in the 
cistern, remains in the lube. An 
Italian philosopher called Torricelli 
was the first to make and reason 
upon this experiment in 1643. He 
ai^ed quite correctly that the column 
of mercury was supported in the tube 
by the external pressure of the atmo- 
sphere on the surface of the mercury 
in Che basin, this pressure being trans- 
mitted through themercury in the basin 
to the under surface of the mercury in 
the tube. But the tube being closed 
above, there is no pressure at the top, 
and the space above themercury in the tube is quite empty, and is known as 
the Torricellian vacuum. Were a hole made through the closed end at the 
lop of the tube, the upward pressure of the air through the liquid in the 
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basin would be just counterbalanced by the downward pressure of the air 
at the top ; the mercury would then fall by its own weight. Since the 
pressure of the atmosphere just balances a column of mercury thirty inches 
high, it follows that if we can find the weight of this mercury column we 
shall learn the weight of a column of air standing on a base of the same 
size and reaching to the top of the atmosphere. It is found that a column 
of mercury in a tube having a sectional area of one square inch and a 
height of thirty inches weighs about fifteen pounds. Hence, as before 
stated, the weight or pressure of the atmosphere is nearly fifteen pounds 
on every square inch. A barometer, then, in its simplest form consists of 
a tube dipped into a cistern of mercury, and containing a column of that 
liquid supported by the atmospheric pressure which it serves to measure. 
The height of the column is the perpendicular difference in level between the 
surface of the liquid in the tube and in the cistern. The tube and cistern are 
usually attached to a wooden frame, and a graduated scale divided into inches 
and fractional parts is placed parallel with the tube. As the atmospheric 
pressure varies, the height of the mercurial column varies ; mercury is forced 
into the tube as the pressure increases ; as the pressure diminishes mercury 
passes from the tube into the cistern. In Fortin's barometer the base of 
the cistern is made of leather, and can be raised or lowered by means of a 
screw. In this way the surface of the mercury in the cistern can be kept at 
a constant level, so that the graduation on the scale always indicates the true 
height. Other forms of barometers are in use, but a good cistern barometer 
is the best. A barometer called the Aneroid Barometer (Gr. a, not ; neros, 
moist) has lately come into use, and is found to be very convenient for some 
purposes, as it requires neither mercury nor any other liquid. It consists of 
a cylindrical metal box exhausted of air, and formed of corrugated elastic 
metal. In the interior is a system of wheels and levers connected with a 
pointer which moves over a graduated scale. As the pressure of the atmo- 
sphere increases, the metallic chamber is slightly contracted, and this move- 
ment is carried by the internal mechanism to the pointer. A decrease of 
pressure allows the box to expand slightly, and the pointer is moved in the 
opposite direction. The positions of the figures on the scale are obtained 
in the first instance by comparing the instrument with a good mercurial 
barometer. 

204. Advantages of Mercury for Barometers.— Mercury is generally 
used for barometers in preference to other liquids because it is the heaviest 
of all liquids, and the height of the column is therefore small and more 
easily observed. It is also used because it does not wet the glass, and be- 
cause it does not evaporate from the cistern. If water were used, the water 
barometer would be nearly thirty-four feet high when the mercurial column 
stood at 30 inches ; for the specific gravity of mercury is 13*5, that of water 
being i ; and 30 inches multiplied by 13*5 is nearly 34 feet. Glycerine, 
however, is sometimes used. The length of its column is rather more than 
ten times that of mercury, and hence small alterations of atmospheric pres- 
sure cause larger and more distinct changes in the level of the tube than in 
the mercurial barometer. 

205. Density and Pressure of the Atmosphere at Different Heights. — 
The pressure of the air decreases gradually as we ascend above the sea level. 
That this is so will be plain when we consider that as we ascend the super- 
incumbent mass diminishes ; the higher we go the thinner becomes the 
layer of air above us. But, in consequence of the law that the volume of 
a gas is inversely proportional to the pressure to which it is subject, the 
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the pressure. If we imagine the 



density of the ait diminishes as well 
aCmospheie divided into layers, the 
more compact layers will be at the 
bottom, just as io a stack of hay. 
On the summit of Mont Blanc, 
15,000 feet high, the barometer only j... 
indicates about 15 inches pressure, •*>''" 
and hence the sir there is only one- 
half as dense as it is at the level of 
the sea, its particles beii^ at twice Che 
distance. In other words, a given 
weight of air will occupy twice the 
volumethat the same weight occupies 
at the sea level. Hence at great 
heights animal life cannot be sup- 
ported. As the barometer falls the "" 
higher we ascend, it is plain that if 
we knew the law by which this fall 
takes place, we could ascertain the 
height of a mountain by means of 
the instrument. The law is rather 
complicated, but for small elevations 
1 fall of I inch in the barometer in- 
dicates a height of 900 feet. A 
tietter but stitl only an approximate 
rule is, 'Observe the heights of the 
barometer at the Itottom and at the 
top of the mountain ; divide the 
difference of the heights by the sum, 
and multiply the result by 52,428 : 
this will be the height of the moun- 
tain in feet.' The use of the baro- 
meter to measure heights is often of , 
great advantage to travellers. 

The diagram represents a natural 
section of the atmosphere. On the 
left is shown the height in miles above 
the sea level, while on the right is "- ; 

shown the corresponding heights of 
the barometer in mches. A indicates 
the highest peak in the Himalaya 
Mountains (29,000 feet); B, thej^/„,^ 
height (23,019 feet) attained by Gay c 

Lussac in a balloon in 1S04 (Mr. 
Glaisher and Mr. Coxwell reached a 
height of 37,000 feet, ot 7-137 miles, 
in 1S62]; C, Dolcoath mine, in i 

Cornwall, 1,560 feet (the deepest 
mine is now z,Six> feet) ; D, a depth 
of nearly 9 miles. But no such depth d_ 

has really been found, the deepest 

reliable sounding being up to the ■ '•■■ ' 

present only 30,000 feet, or nearly $\ miles, off the coast of J; 
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206. Variations of Barometric Fressnre. — Not only does the pressure 
of the atmosphere vary at different heights, but it varies at the same level 
at different places on the earth, and also at the same place at different 
times. The two chief causes of this variation are — (i) the varying tempe- 
rature of the air ; (2) the varying quantity of aqueous vapour in the air. 
It is a general rule that the barometer usually falls when the thermometer 
rises, and the barometer usually rises when the thermometer falls. The 
heat that causes the thermometer to rise expands the air, which consequently 
overflows into the neighbouring regions ; and the pressure of the atmo- 
sphere being thus diminished, the barometer falls. On the other hand, 
when the thermometer falls, owing to a diminution of temperature, the air 
contracts, and this produces an influx from the neighbouring regions, and 
consequently an increase of pressure and a rise of the barometer. This influx 
of air is generally accompanied by descending currents, while an expansion 
of the air causes ascending currents. Thus where there are descending 
currents in the atmosphere the pressure will increase, and where there 
are ascending currents in the atmosphere the pressure will decrease. 
Remembering that, generally speaking, the heating power of the sun's rays 
is greatest at the equator and decreases towards the poles, we may expect 
that the heated air near the equator expands, rises, and overflows, and that 
therefore the pressure will be less at the equator than in higher latitudes. 
But, owing to the spherical form of the earth, the air flowing towards the 
poles moves into a region becoming narrower and narrower, and is at last 
brought down to the surface of the earth at about the 30th parallel of lati- 
tude. Here we find a region of high pressure on both sides of the equator. 
The air is chiefly heated, as we shall presently show, by contact with the 
surface of the globe ; and as the heating effects of the sun*s rays on land 
and water are very different, variations of temperature, and therefore of 
pressure, in a district depend to some extent on whether the surface is land 
or water. The other chief cause of differences in barometric pressure is 
due to the varying quantity of water vapour in different places, and even 
in the same places from day to day. * Water vapour is much lighter than 
air, and the addition of a considerable quantity of vapour lessens the pres- 
sure of the atmosphere, and causes the barometer to fall, the mixture of air 
and vapour being lighter than dry air. In regions like the Antarctic Circle, 
where there is a large quantity of vapour, the barometer stands low ; but 
in almost every region the quantity is nearly always changing, sometimes 
increasing from great evaporation, sometimes diminishing from being con- 
densed into rain, hail, or snow. 

207. Mr. R. H. Scott gives the following statements from 
Professor Mohn's * Treatise on Meteorology : ' — 

The barometer stands high — 

(i) When the air is very cold, for then the lower strata are denser and 
more contracted than when it is warm. 

(2) When the air is dry, for then it is denser than when it is moist. 

(3) When in any way an upper current sets in towards a given area, for 
this compresses the strata underneath. 

* Between the tropics the diurnal variation amounts to one-tenth of an 
inch, there being two highest and lowest points at regular periods of the 
day. In the temperate zones the diurnal variation is less, and not easily 
observed owing to its occurrence in conjunction with accidental variations. 
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Conversely, the barometer stands low — 

(i) When the lower strata are heated, causing the surfaces of equal 
pressure to rise and the upper layers to slide off, as already described, 
for by this means the mass of air pressing on each unit of area below is 
reduced. 

(2) When the air is damp, for as the density of aqueous vapour at the 
temperature of 60° and pressure of 30 in. = 0*622, air being = i, the 
mixture is lighter the more vapour it contains, and consequently damp air 
does not press so heavily as dry on the unit of area below. 

(3) When the air from any cause has an upward movement, for this of 
course acts in the same manner as ( i ). 

208. Isobars (Gr. isos^ equal ; baros^ weight). — Isobars are 
lines drawn through places having an equal barometric pressure 
during a certain period. They may be drawn for each month 
or season, or for the whole year. These isobars are usually 
drawn at differences of i^^ of an inch. In the Times newspaper 
there is each day a chart of North-western Europe, on which 
the isobars, the temperature, and the direction and force of the 
wind are shown for the previous day. On the accompanying 
map are drawn isobars through those places having the same 
average pressure during the month of July. If we were to 
compare it with one for January we should easily see how the 
pressure is affected in some districts by the season of the year 
(being usually less in summer than in winter), and how the land 
and water cause local differences of pressure. 

Thus in January we find a pressure of nearly one inch more 
in Central Asia than we do during the great heat of July, while 
over the oceans generally, except in the higher northern latitudes, 
the pressure is more regular during the year than over the land. 
Taking the surface of the globe as a whole, we find that there 
are two belts of high pressure passing round the globe, one on 
each side of the equator. Between these two lies a belt of low- 
pressure in the tropical regions, the lowest mean pressure of this 
belt being near the equator. Two other regions of low pres- 
sure surround the poles, the one round the north pole being 
divided into two centres. 

209. Relation of Barometric Variations to the State of the Weather. 

In Ganot's 'Treatise on Physics/ as edited by Professor Atkinson, the 
following remarks are made under this head : — 

*It has been observed that, in our climate, the barometer in fine 
weather is generally above 30 inches, and is below this point when there 
is rain. snow. wind, or storm : and also that for any ^ven number of days 
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at which the barometer stands at 30 inches there are as many fine as 
rainy days. From this coincidence between the height of the barometer 
and the state of the weather the following indications have been marked on 
the barometer, counting by thirds of an inch above and below 30 inches : — 

Height State of the Weather 

Very dry 
. Settled weather 
Fine weather 
Variable 
Rain or wind 
Much rain 
Storm 

* In using the barometer as an indicator of the state of the weather we 
must not forget that it really only serves to measure the weight of the 
atmosphere, and that it only rises or falls as the weight increases or 
diminishes ; and although a change of weather frequently coincides with a 
change in the pressure, they are not necessarily connected. This coinci- 
dence arises from meteorological conditions peculiar to our climate, and 
does not occur everywhere. That a fall in the barometer usually precedes 
rain in our latitudes is caused by the position of Europe. The prevailing 
winds here are the south-west and north-east. The former, comii^ to us 
from the equatorial regions, are warmer and lighter. They often, there- 
fore, blow for hours or even days in the higher regions of the atmosphere 
before manifesting themselves on the surface of the earth. The air is 
therefore lighter, and the pressure lower. Hence a fall of the barometer 
is a probable indication of the south-west winds which gradually extend 
downwards, and reaching us, after having traversed large tracts of water, 
are charged with moisture and bring us rain. 

* The north-east wind blows simultaneously above and below, but the 
hindrances to the motion of the current on the earth by hills, forests, and 
houses cause the upward current to be somewhat in advance of the lower 
ones, though not so much so as the south-west wind. The air is therefore 
somewhat heavier even before we perceive the north-east, and a rise of the 
barometer affords a forecast of the occurrence of this wind, which, as it 
reaches us after having passed over the immense dry tracts of land in 
Central and Northern Europe, is mostly dry and fine. When the 
barometer rises or sinks slowly, that is, for two or three days, towards 
fine weather or towards rain, it has been found from a great number of 
observations that the indications are then extremely probable. Sudden 
variations in either direction indicate bad weather or wind.' 

210. Corrections of the Barometer. — In making accurate observations 
corrections have to be applied to the barometer — (i) for the height of the 
observing station above the sea level ; (2) for temperature. In order to 
compare barometric indications taken at different places, it is necessary 
to reduce them to a common height, and the sea level is taken as the 
standard height. The higher the place is above the sea level the lower 
will be the reading of the barometer. The rule applicable to the estima- 
tion of heights already referred to is made use of for this purpose. The 
correction for temperature is necessary because the mercury expands and 
contracts for differences of temperature, and hence different atmospheric 
pressures might indicate the same height if the temperature varied. Hence 
barometers usually have a thermometer attached in order to show the 
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temperature at the time of observation. The rule often given is, ' Deduct 
theten.lhouBandth parlof the observed height for each degree of Fahrenheit 
above 33".' All observations are thus reduced to a common temperature. 

211. Ttmperatnn of tll« Air Hirw the Air is healed.— \ie ha.ve 

already explained in par. 5a how the temperature of the air is ascertained 
by means of the thermometer, and we have now to explain how the air is 
heated and in what way its temperature varies. The earth receives nearly 
ihe whole of its yearly supply of heat from the rays of the sun, the supply 
that comes from the interior being inappreciable at the surface. Dr. 
Haurfiton says, ' The heat received from the interior of the earth at present 
is sufficient to melt a layer of ice one quarter of an inch in thickness all 
over the surface of the globe ; while that received from the sun would melt 
a layer foity-six feet in thickness, being thus 2,zo8 times greater than the 
heal derived from the interior.' If there were not water vapour in the 
atmosphere the rays of heat from the sun would pass through it without 




suffering loss, and a great portion of what reached the earth would then be 
absorbed by the rocks and soil coveting its surlace. But, as the air always 
contains more or less aqueous vapour, there is a certain quantity of the 
sun's rays absorbed by the atmosphere, and the greater the distance of air 
through which the sun's rays pass, and the richer the stmta of air are in 
this water vapour, the greater is the number of the sun's rays that are 
absorbed. As the rays of the sun pass through a much larger thickness of 
air in the morning and at night than during the middle of the day, the 
amount of heat that reaches the earth is ma^e less at these times than at 
noon. Hence the greater warmth of the sun's rays at midday. It has 
been estimated that in this way a vertical beam loses about jo per cent. 



of its heating powi 



and that in the 



morning or evening the loss is nearly 



95 per cent. The average loss in our latitudes is nearly 50 per c< 

There is also another reason why it is warmer at noon than in 
morning or evening. If we imagine a cylindrical beam of rays of a cei 
size striking the earth, we shall easily see that when these rays c 
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perpendicularly they fall on a much less surface than when they fall 
obliquely. The heating power of such a beam is concentrated on a smaller 
area the more nearly vertical the beam is. For similar reasons it is 
warmer near the equator than near the poles. Fig. 76 represents the 
earth, the axis being in the position with regard to the sun that it has on 
March 21 and September 23. The sun is supposed to be at an immense 
distance to the right, and his rays are represented as coming in parallel 
lines towards the earth. The half meridian circle is divided into 18 equal 
parts of 10° each, 9 parts being included between A and P. It is easy to 
see that the rays strike the earth more obliquely as they approach the pole. 
If we suppose each pair of lines to represent a bundle of rays, we see that 
each .of these bundles becomes narrower towards the poles, and that, 
therefore, each of the equal strips of 10° gets a smaller quantity of light 
and heat as we leave the equator. The outer circle represents the 
atmosphere, and here also we see how the distance of the ray through the 
atmosphere increases a^ we approach the poles. For lA is shorter than 
2D, still shorter than 3E, and still shorter again than 4P. 

Of those rays that reach the surface we find that some are reflected or 
thrown back, but that they are mostly absorbed by the ground and then 
slowly radiated back. Both the rays that are reflected and those that are 
absorbed heat the air ; for these rays are rays of dark heat, unlike the sun's 
rays, and can be absorbed in great part by the overlying atmosphere. As 
was explained in par. 66, the presence of water vapour in the atmosphere 
greatly checks radiation from the earth, the moisture acting as a screen or 
covering spread over the earth, allowing the luminous rays from an 
intensely heated source like the sun to pass through rather freely, but 
restraining the non-luminous rays from a source of lower temperature like 
the heated earth. Gradually, however, the warmth passes from the lower 
into the upper atmospheric strata, and is then lost by radiation into the 
intensely cold regions of space, the loss being about equal to what is received. 

212. Mean Temperatures, — The average temperature of the day may 
be found by taking the temperature every hour and dividing by twenty- 
four, though it is generally sufficient to take only two observations, one at 
9 A.M. and one at 9 P.M., and divide by two. The average temperature 
for any month may be obtained by dividing the sum of the daily averages 
by the number of days in the month, and the yearly average by dividing 
the sum of the monthly average by twelve. The hottest part of a clear 
day, as shown by the shade thermometer, is usually about two o'clock in 
the afternoon, and the coldest part is in the early morning about four 
o'clock. The hottest period of the year in the Northern Hemisphere is 
towards the end of July, for during the summer the heat has been accumu- 
lating owing to the amount of heat received from the sun being then 
greater than that lost by radiation. 

213. The Temperature depends on Latitude, — From what has just been 
said, and from the fact that the solar rays are nearly vertical at and near 
the equator, we see that the equatorial belt of the globe will have the 
highest temperature, and that, generally speaking, the further we go from 
the equator the colder will it become, the angle at which the solar rays 
strike the earth diminishing as we pass towards the poles (fig. 76). If, 
then, there were no other cause, we should have a regular diminution of 
temperature from the equator to the poles, and every place in the same 
latitude would have the same temperature. But we know that this is not 
the case, even at the same height above the sea level. When we examine 
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a. chart of the world on which isotherms (Gr. tsos, equal ; thermos^ heat) 
are drawn through places having the same temperature of the air during a 
given period, we see that these lines are very irregular and vary considerably 
at different seasons, especially over continental areas* On referring to the 
maps on which the isothermal lines are drawn for January and July it will 
be seen how very irregular these lines are in the Northern Hemisphere, and 
how comparatively regular they are in the Southern Hemisphere, where 
there is a great preponderance of water. These lines thus show that tem- 
perature depends more on latitude in the great oceanic areas of the globe 
than in the continental areas, or in the regions where the sea and land 
come together. As a rule, the Northern Hemisphere is seen to be warmer 
on the average than the Southern, except in high latitudes, * where the con- 
verse is true, the land also being generally warmer than the sea in low 
latitudes, but colder in higher latitudes. They also show that the district 
of greatest heat, especially in summer, is the interior of continents, the 
deserts of Africa and Persia having a July temperature of 90°. The tem- 
perature of the sandy ground in these parts is often above 160° F. There 
must therefore be some other causes modifying the effect of position as 
regards the equator. Among these are the prevailing winds, proximity 
to the sea, position of mountain chains, and the altitude of the land. 
We shall now discuss this last, leaving the others till we speak of Climate. 

214. Temperature depends on Height above the Sea Level.— Since the 
first effect of the sun's heat after it has warmed the surface of the earth is 
to warm the parts of the atmosphere in contact with the surface, and since 
this warmth is but slowly passed on through the higher layers, we find that 
the air near the surface is warmer than the air above. But there are other 
reasons why the air is colder at a distance from the surface. 

It is quite true that on high mountains the intensity of the solar radia- 
tion is greater than in the valleys, and that therefore the traveller who is 
there exposed to the direct rays of the sun may have his skin blistered by 
the great heat, though another in the shade may feel great cold. But this 
heat is not communicated to the air ; for the air becomes rarer the higher 
we ascend, and also contains less moisture. Consequently it is but little 
heated either by the luminous rays of the sun or by the rays radiated from 
the rocks. There is thus no protective water-vapour in the atmosphere 
to check the rapid radiation into space when the sun is not shining, and 
there is thus no store of heat retained in the soil as at low levels. 

Another property of air also tends to diminish the temperature at great 
heights. When a mass of air expands, heat is used up to perform this 
work and the air becomes cooler. W^arm winds, therefore, from a valley, 
when forced up the sides of a mountain, expand in consequence of the 
diminished pressure at the greater height, and in expansion become greatly 
cooled. This diminution of temperature in ascending currents is greater 
with a dry wind than with a moist wind, as, in the latter case, while heat 
is lost through expansion, some is gained by the vapour that condenses 
giving up its latent heat, so that this latent heat lessens the rate of cooling. 
The diminution, too, is greater during the day than during the night ; 
greater in summer than in winter. In severe frosts, indeed, the tempera- 
ture may rise with height, instead of falling, all the cold dense air remaining 
in the lowlands beneath. We thus see that the lower temperature of the 

' High latitudes are latitudes near the poles ; and low latitudes, lati- 
tudes near the equator. 
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air at greater heights is due to two chief causes, the diminishing thinness 
and dryness of the protective coating of the atmosphere and the disappear- 
ance of heat consequent on the expansion of the ascending air-currents. 

This vertical distribution of temperature, as it is called, to distinguish it 
from the horizontal distribution^ shown by the isothermal lines, which show 
the temperatures at the surface, may be reduced to a general rule. The 
rate of diminution may be taken on the average at a fall of 1° F. for every 
300 feet of ascent. 

215. Land and Sea Breeses. — Winds are movements of air in currents 
from one part of the atmosphere to another. They are caused by variations 
in the condition of the air in respect to heat and moisture, and, as these 
variations produce differences in atmospheric pressure, movements are set 
up, there being al- 



ways an inflowing 
towards regions of 
low pressure. We 
shall here confine 
ourselves to the 
local movements 
.called land and sea 
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Fig. 77. — Land Breeze by Night. 




Fig. 78. — Sea Breeze by Day. 



breezes. These occur chiefly on the coasts of tropical countries, though 
they are also found during warm weather in our own islands, when not 
overpowered by a strong general wind. They are more frequent about 
islands and small peninsulas than in other situations. They blow alter- 
nately from the sea on to the adjacent land (sea breeze), and from off the 
shore to the sea (land breeze). A little before noon the sea breeze begins 
in the offing and gradually extends to the coast, lessening and dying away 
towards the evening. A short period of calm follows, and then some time 
before midnight the land breeze comes from the shore and blows towards 
the sea until six or 
seven o'clock A.M. 
These winds are 
due to the different 
manner in which 
the sun's heat af- 
fects the land and 
water, and also to 
the different radiating power of the two surfaces. The surface of the sea 
is not raised to so high a temperature during the day as the surface of the 
land, partly because the solar heat penetrates further into the water than 
into the land, but chiefly owing to the greater specific heat of water (see 
par. 63), in consequence of which it requires nearly five times as much 
heat to raise its temperature one degree as the rocks forming the land 
surface require. 

On the other hand, the sea does not lose so much heat at 
night by radiation as the land does, and accordingly it preserves 
a comparatively equable temperature throughout the day. The 
temperature of the land surface thus undergoes far greater 
changes of temperature than the sea surface, and this is of 
course also true of the air lying above both. Calm prevails as 
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long as the temperatures over land and sea are the same ; 
but as the solar rays become hotter towards noon, the more 
strongly heated land communicates its heat to the overlying air, 
and this causes it to expand and become rarer. A diminution 
of pressure on the land surface is the result In the higher air 
regions above the land there is an overflow of the air outwards 
from the heated part towards the cooler air at some distance 
over the sea. Hence the pressure over the sea rises, and very 
soon afterwards an equalising air current arises in the lower 
parts of the atmosphere and flows inwards towards the heated 
land, and is therefore called a sea breeze. The strength of the 
sea breeze is not always the same. It increases until the 
diflerence of temperature between the land and sea is at its 
maximum, and then gradually diminishes until about equal 
temperatures are found. 

As soon as the sun's rays cease the land cools down much 
more quickly than the sea, and hence the temperature of the 
air above the land falls. The air masses over the land thus 
contract and the pressure increases. There is therefore above 
a current of air from the sea towards the land, which assists in 
increasing the pressure over the land and diminishes it over the 
sea. In accordance, then, with the general law that currents 
blow from regions of high pressure to those of lower pressure, 
an equalising stream sets in from the land towards the sea and 
so develops a land breeze. The time during which a land 
breeze blows is usually from an hour or two before midnight 
until six or eight o'clock in the morning. 

CHAPTER XI. 

EVAPORATION AND CONDENSATION— DEW, MIST, FOG, 

RAIN, AND SNOW. 

216. Evaporation is the process by which a liquid is 
changed into a state of vapour, and this is one of the most 
important effects of heat. During the process a considerable 
quantity of sensible heat passes into the latent or insensible 
state (see par. 60). This heat makes its appearance again 
when the vapour is condensed or re-converted into a liquid. 
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Water evaporates at all temperatures, though most rapidly 
during the process of boiling or ebullition (par. 61). But even 
snow and ice give off vapour from their surface. A piece of 
ice placed in the balance-pan of the scales and carefully 
weighed will be found to diminish in weight slowly, though the 
air may be below freezing-point. Whatever, therefore, may be 
the temperature of the air, it is almost constantly receiving 
aqueous vapour from the surface of the water and moist 
ground. This evaporation is due to the heat of the sun, and is 
therefore most active in the equatorial regions of the earth, 
where the sun's rays are most powerful. This vapour rises in 
an invisible form and diffuses itself through the atmosphere. It 
really exists in the spaces between the air particles, though it is 
convenient to speak of it as contained in the air. A certain 
quantity of air, say a cubic foot, is only capable of receiving 
a certain quantity of vapour at a certain temperature and 
pressure. If we increase the temperature or diminish the pres- 
sure the air becomes capable of holding more vapour. At the 
freezing-point air is only capable of holding about one-tenth 
the quantity it holds at 60® F., the temperature of an ordinary 
summer day, while air at 80^ F. has nearly twice the capacity 
for vapour that air at 60° F. has. When air contains all the 
vapour that it is capable of containing at a certain temperature 
it is said to be saturated. As soon as the air which is saturated 
with vapour has its temperature lowered, some of the vapour is 
condensed and passes into the liquid form ; or if the tempera- 
ture be lowered below freezing-point, it will become solid. 

217. Condensation, then, is the process by which a vapour 
or gas is converted into the liquid or solid form, and this 
process is brought about either by the application of cold or 
an increase of pressure. Distillation is the process of evapora- 
tion and subsequent condensation into falling drops, and is 
often employed by the chemist to free water from the impuri- 
ties dissolved in it (see par. 22). It must be borne in mind 
that all distilled water, whether it be obtained by the rapid 
process of the chemist or by the slow process going on in 
nature, is pure water, the dissolved matter being all left behind. 
The condensation of the vapour of the air is nearly always the 
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result of a diminution in temperature, in consequence of which 
the capacity of the air for water vapour is lessened, and a 
portion of it is therefore thrown down. Thus, if air at 80*^ 
be saturated, and its temperature be then reduced to 60°, 
about one-half its vapour would be condensed during this 
reduction of temperature. The quantity of vapour in the air 
varies greatly with the seasons, the climate, the height above 
the sea, and various local causes. It is hardly ever completely 
saturated, nor ever entirely dry, and is constantly varying. The 
rate of evaporation is influenced by several circumstances. The 
larger the surface of a given quantity of water, the more rapidly 
does it evaporate, for, except the liquid be boiling, the evapora- 
tion takes place at the surface. Heat also increases the process, 
as it is well known that holding a towel before the fire dries it 
more quickly than leaving it exposed on a line. Wind also 
increases the rapidity of evaporation by bringing fresh layers of 
non-saturated air in contact with the wet surface. The hygro- 
metric (Gr. hugros^ moist) state of the air has also to be con- 
sidered, for if the air be already nearly Saturated, it takes up 
additional moisture very slowly; while, if it is nearly dry, it takes 
up the moisture quickly. There is usually more aqueous 
vapour in the air in summer than in winter, for then the air is 
warmer and is capable of holding more vapour, though it may 
not feel so damp. As already mentioned, this aqueous vapour 
is chiefly found in the lower atmospheric strata, and diminishes 
so rapidly that at a height of five or six miles it is scarcely 
appreciable. The amount of aqueous vapour, or, more 
exactly, the relative humidity of the atmosphere, is ascertained 
by means of the hygrometer, already explained. The import- 
ant part played by this aqueous vapour in allowing the rays 
from a highly heated source like the sun to pass through it 
freely, and in obstructing the heat-rays from a body of much 
lower temperature like the sun-warmed earth, has been already 
referred to (par. ^^\ 

218. Dew. — One of the forms in which the atmosphere restores part of 
its vapour to the earth is dew. Dew is moisture deposited as small drops 
from the atmosphere without the formation of any visible cloud. Towards 
sunset the heat received by the earth from the sun becomes less than the 
heat radiated from its surface. If the sky be clear, this heat radiated from 
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the earth passes into space and the ground becomes cool, and bodies near 
its surface are thus chilled. The layer of air in contact with these bodies 
also becomes chilled, and at last descends to a degree of temperature at 
which it is saturated by the aqueous vapour it contain^ A further slight 
reduction causes the air to deposit a portion of the aqueous vapour it con- 
tains on the surfaces of the bodies previously cooled by radiation. The 
temperature at which dew b^ns to be formed is called the dew-point. It 
varies with the degree of humidity of the atmosphere. One night it might 
be 41° F., and next night it might be 50°, though the temperature of the 
air on both nights might be about the same. The nearer, however, the 
air is to the point of saturation the sooner will the dew-point be reached. 
When the dew-point is below 32° the moisture deposited passes at once 
into the solid state, and is known as hoar-frost or rinie. 

Various circumstances influence the production of dew. It is never 
abundant except during clear and calm nights. If the night be cloudy, the 
clouds reflect and radiate back the heat given off from the surface of the 
ground, so that the surface of the earth does not become sufficiently chilled. 
If the night is windy, the air near the surface is constantly being renewed, 
and is thus prevented from being reduced to the dew-point ; though a 
slight wind is rather favourable than otherwise, because it gradually brings 
into contact with the cool surfaces fresh layers of air. Upon metallic 
substances, which are bad radiators, and on the hard beaten road, which 
quickly conducts heat from the strata beneath, little or no dew is deposited ; 
while on blades of grass, twigs, leaves, wool, hair, and other such objects, 
which quickly lose flie heat from their surfaces owing to being good radiators 
and bad conductors, a copious deposit of dew forms. But anything that 
checks the radiation, as a screen above or beside the object, prevents the 
formation of dew. It is also evident that the deposit of dew will be greater 
according as the air is more nearly saturated with vapour, for then the dew- 
point is sooner reached. Finally, dew is usually more abundant in spring 
and autumn, as the differences of temperature between day and night are 
greater than at other seasons, and the dew-point temperature is therefore 
more quickly and more certainly reached. 

219. Pogs and Mist. — It sometimes happens that the aqueous vapour 
throughout a large space of the atmosphere near the surface of the earth 
becomes condensed into minute hollow vesicles of water that remain 
suspended in the air. These visible particles form a kind of cloud near 
the surface, called fog or mist. A fog may arise when a current of warm 
and moist air comes into contact with water at a lower temperature, or by 
the intermixture of two masses of air, one of which has a lower temperature 
than the other. Thus a warm moist current of air passing over an iceberg 
may have some of its vapour precipitated as fog. The frequent fogs on the 
banks of Newfoundland are caused by the warm damp air that has passed 
over the Gulf Stream coming in contact with the cold air over the Arctic 
current that flows down through Davis Strait. Fogs are also often seen 
in low grassy bottoms or river valleys in the morning, but these are usually 
dispersed during the day as soon as the heat of the sun renders the air 
capable of taking up the moisture that has thus been condensed out of it. 
A mist is very similar to a fog, but the particles of moisture of which it 
consists are rather larger than those of a fog. 

220. Clouds. — Clouds are merely fog or mist formed in the higher 
strata of the air, where, as we have seen, the temperature is lower than 
near the surface of the earth. Mist or fog is a cloud near the earth's 

I. 
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surface ; clouds are mists at a considerable height. As the wann moist 
ail expands, it abends and rises into colder regions, while the very act of 
expansion also lowers its temperature. The height at which the clouds 
float in the atmosphere varies much, the average height probably being 
between one and two miles. The thtn light clouds are seen at the greatest 
heights, while thick dense clouds that are heavier only exist at a small 
distance above the earth. Clouds are not always composed of water 
particles, for the light fleecy clouds that float in the higher and colder 
r^ons are composed of small Ice needles. This is certainly the state, as 
the intense cold at such great heights, from six to ten miles, is so great 
that water could not exist there in the liquid state. Besides, the icy con- 
dition of such clouds is also proved bylhe mode in which light is refracted 




in passing through them. The continually changing appearances of clouds 
are brought about by their movement, for they are continually descending 
into warmer or drier tracts of air, in which their moisture is often again 
dissolved. 

Mr. Luke Howard has divided clouds into four chief varieties— the 
jiimbus, the stratus, the cumuhis, and the cirrus. These four kinds are 
shown in fig. 79, and ate indicated respectively by one, two, ihtee, and 
four Urds on the wing. 

The Cirrus (I.at. cirrus, a curl) is a whitish 'streaky cloud, having a 
fealheiy or fibrous appearance. These clouds are often called mares' tails, 
from their shape. They only exist at great heights, and it is these clouds 
which are believed to consist of ice particles. A cirrus cloud is often a 
sign of wind or n change of weather. 
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The Cumulus (Lat. cwmtlus, a heap) is a rounded or hemispherical 
cloud, often rising from a horizontal base. Hence it is sometimes called 
the woolpack cloud. The cumulus is the cloud of day, especially in summer, 
and is produced by an ascending current of warm air, the vapour of which 
is quickly condensed. Towards evening these clouds often lessen or entirely 
vanish. If, however, they become more numerous, especially with cirrus 
clouds above, a storm of rain may be looked for. 

The Stratus (Lat. stratttm, a covering or layer) is a widely extended 
continuous horizontal sheet, increasing from below upwards. It is generally 
a fine-weather cloud, and appears low down in the evenings and early 
mornings of the brightest days. It is indicated in the figure by two birds. 

The Nimbus (Lat. nimbus ^ a dark rain-cloud) is a rain-cloud having 
no particular form, but usually of a dark uniform grey tint with fringed 
edges. It is the cloud into which the others resolve themselves when rain 
falls, and is therefore sometimes called cumulo-cirro-stratus. Other forms 
exist that are brought about by a combination of some of the preceding. 
One of these, called cirro-cumulus, is a high cloud consisting of small 
irregularly placed rounded masses, like a flock of sheep Ijdng down, or 
like the markings on a mackerel, from which we get the name * mackerel 
sky.' 

221. Bain. — Of all the forms in which the water derived 
from the earth by the process of evaporation is restored again 
to its surface, rain is the most important. It is produced by 
the continuous condensation of the water vapour of the air, so 
that the minute particles that form douds unite to form drops, 
which fall to the earth through the action of gravity. At great 
heights the raindrops are very small, but as they fall they 
generally increase in size, either by several joining together or 
by condensing on their cool surface the aqueous vapour of the 
strata of air through which they fall. This explains why the 
drops that fall from a thick mist are so small, the mist being 
nearer the surface of the earth. Occasionally, however, drops 
falling through warm dry air may become less in size, or even 
be completely evaporated before reaching the earth. 

222. The Sain Gauge. — It is important to ascertain the amount of 
rainfall that occurs at any place. This should be done every day at a fixed 
time, and the daily amounts in a certain year when added together will 
give us the annual rainfall for that year. By taking the annual amounts 
for a number of years, and dividing by that number, an average annual 
rainfall for any given place may be ascertained. The instrument used to 
measure the rainfall is called a Rain Gauge. It consists of a copper 
funnel, the top of which has a certain area — 20 square inches, for example — 
and the neck of which fits into a bottle, or, better, a cylindrical copper 
can. The funnel and bottle are then enclosed in a metal cylinder which 
is considerably taller than the funnel, so as to retain snow when it falls, 
and prevent it from being blown out (see fig. 80). The measurement of 
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the rainfall is njade by pouring uul the contenls of the bottle into a glass 
measure which is marked to represent hundtedlha and tenths of an inch, 
and whicl^is capable of holding -50 inch of rain. Such a rain gauge is 

. known as a Snowdon Gauge. If there 

be more than half an inch of lain, two 

or more measurements must be made. 

When snow falls, that which is collected 

in the funnel is melted and measured 

as rain. Rouj^hl)' speaking, a depth of 

ten inches of snow is equal to one inch 

of rain. The rain gauge should be 

placed in an open situation, away from 

trees and buildings, and at a height of 

one fix>t &om Ihe ground. A ' rainy 

day ' is one on which the rainfall is not 

less than 'oi inch. From what has 

been s^d above about the usual increase 

^ in the siie of raindrops as they fall, it is 

f, ■ f, plain that the amount of rain collected 

h Hi .0.- -Ka.n u.«gt ^j j^g jpp ^f ^ ^jg^ building will often 

be less than the amoui>t collected near the surface of the ground. One 

inch of rain on a square yard gives 4-67 gallons, or 4774 pounds ; on an 

acre it corresponds to 22,662 gallons, or ]0O'99 tons. Remember, then, 

223, DiJtribntion of Eain.— On the accompanying map an attempt is 
made by means of shading to indicate the average annual amount of rain- 
fall on the various portions of the earth's surface, but it is not possible to 
indicate this accurately for all places, as our knowledge is not sufRciently 
complete. Still such a map is useful, and for all places where observations 
are r^ularly made it may \x r^arded as tolerably correct. Various cir- 
cumstances alfect the quantity of rain which falls in different countries. In 
all cases it ia produced by the cooling of air more or less charged with 
aqueous vapour ; and Mr. R. H. Scott gives us the three chief causes — ' ( i ) 
The ascent of a current of damp air which is chilled by expansion as it 
rises, (i) The contact of damp and warm air with the colder sur&ce of the 
ground, as in the case of our west coasts in winter, where the land is colder 
than the sea surface. (3) The mixture of masses of hot and cold air.' 

The first cause comes into operation at and near the equator, There the 
temperature is high ; and as the capacity of air for moisture greatly increases 
as the temperature increases, the rising and expanding air in tropical 
regions is chilled as it ascends, and we have a region of almost constant 
and heavy rain, often accompanied by violent thunderstorms. Speaking 
Henerally, the annual rainfall decreases from the equator to the poles. At 
St. Domingo it is 107 '6 inches, at Havannah it is 91 '2 inches ; at Madeira, 
377 ; at Bordeaux, aj'S ; and at London, 23'5. 

The second cause of rain is that to which the wet western coasts of 
Liurope are mainly due. In Ireland, for example, the annual rainfall on 
the west coast is 45 inches ; and on the west coast of Britain it is about 37 
inches ; while the rain&ll on the east side is only about 24. But both the 
first and second causes conlribule to this result on our west coasts ; 
for though the south-westerly winds that come across the Atlantic are 
charged with water vapour, some of which is condensed in the lower layers 
by the colder sea-coast as ihey pass inland, yet it must lie also noted that 
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IS ; and as the air is forced 10 ascend the sides of 
i( becomes rarefled and chilled, so Ihal the higher layers of 
air have their moisture condensed on the seaward slopes of our western 
hills. Hence we tind that, as a general rule, rain is more nbundanl on the 
sea-coasts than in inland regions, and more abundant in mountainous dis- 
tricts than in the lowland regions. The wettest place in England is at 
Sealhwaite, near the head of Borrowdale, in Cumberland. For six years 
it has had an average annual laintall of 154 inches. Lincoln is the driest 
place, having a mean annual rainfall of only 20 inches. Be^n, on the 
west coast of Norway, has a mean annual rainfall of over 80 inches. In 
nryhaa dm dan h adyhigh as on- 
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224 Bain; Stuona In som par of h wo d he rain o y alls 
dunng certain parts of the year, and these arespokenof as the min^^^iuafu. 
Between the tropics ' the rains are periodical, being most abundant when 
the sun is veriical. When this happens close to midsummer, as it does 
near the tropics, there is only one rainy season ; hut when several weeks 

' The Irefics (Gr. trefi, a turning) are two circles drawn round the 
earth parallel to the equator, at a distance of 23} degrees on each side of iu 
The southern tropic, called the Tropic of Capricorn, has the sun vertically 
overhead on DecembeF 21, He then moves northward, and the sun is 
vertical at the northern tropic, called the Tropic of Cancer, on June 21. 
At all places between the tropics, that is, in the tropical or torrid zone, the 
sun is vertical twice during the year, but at places beyond the tropics the 
sun is never vertical. (See chapter on the Movements of the Earth.) 
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intervene between the times when the sun is directly overhead, as near the 
equator, there are two rainy seasons. In the districts where the monsoons 
prevail the rainy season depends on these winds. Thus in India and 
China, when the north-east monsoon is blowing from October to April, 
the east coasts receive the supply of rain ; but the rain of India and the 
western coasts generally is chiefly brought by the south-west monsoons that 
blow from April to September. Outside the tropics, in higher latitudes, 
where the winds are variable, rain may occur at all seasons. 

225. Begions of Great Bainfall and Extreme Dryness. — The regions 
of greatest rainfall are (i) parts of the equatorial regions of calms already 
described, and (2) certain districts where moisture-laden winds meet ranges 
of mountains and are forced to ascend. At Cherrapoongee, on the Khasia 
Hills, in Assam, at an elevation of more than 4,000 feet above the sea, the 
annual rainfall is said to be 560 inches. This is due to the condensation 
of the vapour brought by the winds called the south-west monsoons from 
over the Indian Ocean. These winds on rising to this height are cooled . 
below their dew-point, and their great moisture is thus precipitated. On \ 
the Western Ghauts, near Bombay, there is also an annual rainfall of 260! 
inches, due to the same cause. At Valdivia, in Southern Chili, there is a 
heavy rainfall, Ii6 inches, brought by the westerly winds which there! 
prevail ; while on the same side of the Andes near the equator, where the ; 
south-east trade-winds continually blow, there is a rainless district in Peru. ' 
As these winds blow across the continent all their water vapour is deposited, • 
and flows back again by rivers into the Atlantic, the last traces being ex-! 
tracted by the eastern sides of the lofty Andes that guard the western > 
coast. Other rainless districts are the great tract of land stretching east- ^ 
ward from the Sahara through Egypt and Arabia to the Persian Desert, 
the Desert of Gobi, the Great Salt Lake region in the United States, and 
a part of the Kalahari Desert in South Africa. All these places are rain- ' 
less because the winds have been deprived of their vapour during their 
passage over sheltering high ground, and descend on the lee side as hot dry ; 
winds. Thus the Desert of Gobi is shut off by the lofty Himalayas from 1 
receiving any of the moisture so abundantly brought to the southern slopes 
of these hills, and the north-east winds from the plain of Siberia are too 
cold to allow of any being brought by them. Even in the open ocean, 
in the districts exposed to the indraught of the trade-winds, which come 
from a colder to a warmer region, little or no rain falls. It may also be 
mentioned that rain is usually more abundant where vegetation is plentiful, 
the air being chilled by the leaves of trees and other plants. In some cases 
a region has been rendered dry and even barren by an unwise clearing of . 
the forests. 

226. Snow. — We have seen how, through the condensation produced 
by cold, the aqueous vapour of the atmosphere may be made to change its 
invisible gaseous form, and become the minute liquid particles of which 
fogs and mist consist, and how these particles may unite to form the drops 
which fall as rain. If, however, the air in which a cloud is formed is 
below freezing-point, the tiny water particles are frozen into crystals of ice 
of a regular geometrical form, being either hexagonal plates or six-rayed 
feathery stars. Snow consists of aqueous vapour solidified into icy particles, 
which cohere in regular symmetrical forms, having usually six rays or six 
sides. A number of such crystals usually cling together and fall as snow- 
flakes. They may be examined by letting them fall on the sleeve of a dark 
coat, and viewing them through a magnifying lens. Many varieties of 
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these snow crystals have been observed, some of which are shown in Ihe- 
anneiced figure. They are all Ibrmed so thai the angles made by the rays, 
bear a close relation to [hose of a r^ular hexagon, viz. 6a°. Their while 
appearance is due partly to enclosed air parlicles, and partly to the reflec- 
tion of light at their numerous surfaces. Examined by a lens, each litlle^ 
crystal is seen to con^st of transparent ice. 

Snow does not fall in all pacts of the earth at the sea level. Il is never 
seen, for example, between the tropics ; for even if it were formed in the 
higher regions of the atmosphere, it would melt as it passed through thi; 
warmer sliala near the sea level. A line showing (he limit of sno\^all at 
the level of the sea is traced on the map showing the distribution of rain, 
and from this we see that it seldom reaches the limit of 1 5° from the tropics, 
and that the limit is more remote from the equator in Ihe Southern than in 
the Northern Hemisphere. 




227. SnoT-line.^But although the snow does not fall at the 
sea level in all parts of the world, yet it is found, owing to the 
diminution of temperature with increasing height, at certaiti 
elevations in all parts. The high peaks of the Andes near the 
equator stretch so far into the upper and colder regions of the 
air, that they are perpetually covered with a snowy mantle. 
77ie snoiv-line, or limit of perpetual snow, is that line below 
which the solar heat of summer is sufficient to melt all the 
sno^v that falls, hut a^ove which more snojv falls than the heat 
of the summer can melt. This line takes the form of a curve, 
which starts at a height of about 16,000 feet at the equator, and 
gradually descends to the sea level near the poles. Thus at 
Quito, near the equator, the limit is 15,800 feet ; on the high 
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peaks of Mexico, 14,800 feet ; in Spain, 11,200 feet ; on the 
Alps, between 8,000 and 9,000 feet ; on Dovre Fjeld Mountains 
in Norway, 4,000 feet ; at the North Cape, only a little above 
2,000 feet ; and at Spitzbergen, near the level of the sea. The 
highest mountain in Britain, Ben Nevis, 4,400 feet, is a little 
below the snow-line, though snow may remain through some of 
the summers in sheltered hollows. But the height of the snow- 
line does not depend entirely on latitude. It varies with the 
character of the prevailing winds, with the greater or less dry- 
ness of the air, and with the volume of snow that falls during 
the year. It is lower, for instance, on the moister and warmer 
south slope of the Himalayas than on the far colder but drier 
north slope of these mountains. It is 16,000 feet on the south 
slope, and 20,000 feet on the north slope. On the northern 
side of the Alps it is about 8,000 feet ; but on the southern 
side, which receives more sun and warmer winds, it is 8,800 
feet. 

The snow which falls below the snow-line dissolves, and soon adds to 
the water supply of a country ; but that which falls above the line produces 
ice-caps, n^ve, and glaciers, which will shortly be described. Sleet is a 
mixture of melting snow and rain. Hail consists of hard pellets of ice 
which fall through the atmosphere in showers. These pellets are some- 
times simple rounded masses ; sometimes they are of an irregular shape, 
and formed of concentric layers of ice round a core. How they are pro- 
duced is not definitely known. Hailstones vary in size from a small pea to 
a hen's egg. In our climate they fall principally in spring and summer 
and often precede a storm. 

228. From what has been said it will be seen that there is a continual 
circulation of the water of the globe. By the agency of the sun's heat 
immense quantities of water are continually being taken up into the atmo- 
sphere in the state of vapour. For a time this remains invisible, but by 
condensation it is at last brought into a visible condition as cloud or mist, 
and the clouds by further condensation discharge their contents chiefly as 
rain. It has been calculated that in our country about one-third of the 
rain that falls on the land is at once evaporated again, another third is. 
absorbed by the rocks, and after a longer or shorter course beneath the 
surface for variable lengths of time this portion again comes to light in 
springs. The other third flows off at once into the rivers, where, indeed, the 
spring water also ultimately goes. Rivers pour their contents into the sea, 
and from the surface of both rivers and sea evaporation takes place, and the 
water sets oflf on another round. Professor Dove compared the atmosphere 
to a vast still, of which the sun is the fire and the sea the boiler. The cool 
air of the higher parts of the atmosphere and of the colder zones acts the- 
part of a condenser, and on a wet day the liquid distils over as rain. 
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CHAPTER XII. 

THE SCULPTURE OF THE LAND, 

Action of Air ^ Rain^ Springs, Rivers, and Glaciers on the 

EartKs Crust, 

229. The rocks described in a previous chapter are con- 
stantly being worn away by various destructive agents acting 
upon them, and the present outline of the earth's surface is not 
that which has always been, nor is it that which will continue. 
We have already pointed out how the sea is continually at work 
wearing back the rocks of the coast, and reducing the material 
broken off to a finer and finer state, and how this is carried out 
to some distance beyond the lowest tides. Here its work of 
destruction ceases, for the depths of the ocean are not disturbed 
by the movements of the waves on the surface. But other 
agents besides the sea are at work on all the exposed parts of the 
land surface, and it is of these agents that we shall now briefly 
speak. The general process by which the surfaces of rocks are 
broken asunder and the loosened material carried away so as 
to expose the parts previously covered is called denudation 
(Lat. denudOy I lay bare). Erosion (Lat. rodo, I gnaw) and 
disintegration are other words applied to the breaking up and 
crumbling of rocks, and the loose material arising from this 
waste is often spoken of as debris or detritus. Debris is a 
French word adopted into English, and means ruins, ox remains ; 
while detritus means literally matter rubbed off. 

230. Action of the Atmosphere. — This has already been referred to 
an speaking of the * weathering ' of rocks. The oxygen of the air is ever 
entering into new combinations with those rock constituents for which it 
has an affinity, and in this it is assisted by the moisture of the air, which 
also contains the same element. By this union of the oxygen with the dif- 
ferent bases of rocks, changes of colour, as well as a breaking up of the 
surface of the rocks, is often produced. Thus rocks containing the pro- 
toxide of iron (FeO) often have a greenish colour ; but when the iron 
unites with more oxygen to form the sesquioxide (FejO,) the rock is dis- 
integrated, and the new compound of iron gives a red or brown colour to 
the material formed. Another atmospheric influence is the varying heat 
at different times, the alternate expansions and contractions thus produced 
tending to loosen the particles on the surface of the rocks. The action of 
the carbonic acid of the atmosphere has been already mentioned. This 



Action of Rain 155 

compound lends to foim soluble combinations wilh the magnesia, lime, and 
potash in the different varieties of felspar, and the mineral then produces 
the white clayey substance called kaolin (par. 1 18). The power of water 
containing CO, in solution to dissolve calcareous rocks has been often 
referred to (see par. 132). 

231. Aetion of Bun. — The action of rain on the rocks of the earth's 
crust is both chemUal laiA nuchanital. In passing through the ait it dis- 
solves small quantities of oxygen and carljonic acid, and after reaching the 
grouDd it obtains a further supply of carbonic acid from decaying animal 
and vegetable matter. How this oxygen and carbonic acid assist in dis- 
int^ating rocks has already been described, and it is this general action 
of the gases contained in the air or dissolved in water, assisted by the heat 
of. the sun, and especially hy frail, that is referred to under the word 
' weathering.' The loosened material on the surface of rocks produced by 
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this ' weathering ' is then carried away either by the mechanical action of 
the rain or wind, paiticulaily from the exposed faces of cliHs and the sides 
of hills. The smaller matenals are carrier! farthest, while the larger pieces 
are left behind Co unde^o further disintegration. The softer parts of the 
rocks suffer most from this action of the weather and the mechanical force 
exerted by rain, and thus are produced irregular surges, the more easily 
attacked portions giving rise to hollows and the harder to projecting pieces. 
The natural division of the rocks into cubical masses by the joints or cracks 
greatly assists in this work of disintegration. 

Every one has noticed the small impressions made by the raindrops on 
the surface of sand and mud, and it has sometimes happened that these 
have been preserved in the rocks for thousands of years. But more striking 
effects of the power of rain are often seen in the natural arches and conical 
pillars of earth capped by a block of stone which are found in the Tyrol, 
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the western States of America, and other districts. These have been pro- 
duced by the prolonged action of the rain. Imagine a valley or depression 
filled with loose earth or clay, through which blocks of stone are scattered 
at various depths. The pattering rain, assisted by the tiny streams that 
form, loosens the material and transports it to a lower level, but each 
block of stone protects the part it covers, so that at last when the surround- 
ing portions are removed, a number of conical pyramids of earth remain as 
monuments of the extent of erosion that has been produced. 

232. Work of Rivers. — The land area from which a river and its tribu- 
taries collect their water is called its ccUchment basin ; the land which 
separates adjoining basins is called a water-partings and the slopes down 
which the water runs is called a watershed. The source of a river is to be 
found in some little rill or spring on the slopes of a hill, and the water of 
which it consists has descended from the clouds in the form of rain or 
snow. This water gathers at first into tiny rivulets, and these, as they 
descend, are joined by many others ; a rivulet is formed, which receives 
many tributaries, and thus there is produced a common stream, often of 
great size, which carries down a huge volume of water into the sea. This 
may again be taken up into the air by the process of evaporation, may 
again form clouds, which discharge their contents on the earth, and thus 
the continual circulation of which we have previously spoken goes on. 

233. Valley-making. — As an active agent in altering the surface of the 
earth a river effects erosion of its bed and banks, and transport of material 
in one part of its course, and in another part it deposits this material. In 
the upper part, where the fall or slope is steep, the river carries down sand 
and stones, the lighter and smaller particles being carried furthest. In 
times of flood the torrents of rushing water on a mountain slope tear up the 
rocks, hurling them down the stream, and make deep trenches on the 
mountain slopes. 

In some parts of the rocky beds of rushing streams the eddies produced 
in the water cause a number of stones and sand grains to revolve, and these 
form smooth rounded cavities Q.2}\t.^ pot-holes. Potholes are often seen 
several feet deep. The fragments of rock torn away by the rushing waters 
aid in breaking off other portions, and by continual rubbing and pushing 
along have their sharp comers broken off, so as to become rounded into 
smooth pebbles. 

The particles held in suspension in the water, and which settle down as 
it becomes stiller, are. called sediment ; and the more disturbed the water 
is, the larger are the particles forming the sediment. But besides acting 
as carriers of sediment, rivers also carry large amounts of matter dissolved 
from the rocks over which the water has run. Thus the waters of the 
Nile contain in solution 14 parts of mineral matter in 10,000, those of the 
Rhine 17, and those of the Thames 40. 

Many of the great valleys of the world have been excavated by rivers. 
These river valleys are of various shapes, sometimes being deep and narrow, 
when they are called gorges or ravines y but at other times wide and compa- 
ratively shallow. The action of the flowing water is greatly assisted by 
the earth and stones carried along by the stream, the running stream itself 
having but little abrading power. These rub against the bottom and sides 
of the channel, and thus carry on the work of wearing away the bed and 
the sides of the stream. We can thus understand the following description 
of Professor Green : — * Rivers are denuding tools, which tend to cut steep- 
sided trenches across a country ; and these trenches they are continually 
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■deepening as long us they have sufficient fatl. ' That many river valleys have 
not this ^arpty defined appearance is due to the fact that the various othei 
■denuding agents mentioned above have been at work on the sides of the 
stream wearing away the rocks and widening the valleys, especially where 
the lianks are ftinned of soft rock. The inclination of the strata i ' 
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determining the shape of the valley, When we look at the river trenches 
formed in a district where rucks lie in horiionlal beds, and where there is 
little or no rain to wear away the flanks of the river gorge, we see the above 
description of a river trench is true. Magnificent examples of such deqi 
gorges worn by rivers, and called caiions, are seen in ihecmirseof the river 
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Colorado and its tributaries. Here the main stream flows for about 300 miles 
through a chasm from 150 to 500 yards wide in most places, with a depth 
varying from 3,000 to 6,000 feet. On each side of this Great Cafion are 
numerous other canons, at the bottom of which tributary streams either now 
run, or once have run. These great chasms are the result of river erosion, 
and have been worn out of the high table-land of this marvellous region. 

That these mighty gaps have been formed mainly by the 
action of the rivers is plainly proved by the fact that the beds on 
each side of the canons correspond perfectly, and also by there 
being no signs of fissures or rents produced by any convulsion 
of the land. In some places the vertical walls of the canons 
reach quite up to the table-land above ; at other places the walls 
present inclined slopes on which gigantic earth -pillars resem- 
bling towers, pinnacles, buttresses, &c., have been formed in the 
way previously described. 

Many ravines have been formed by the slow retrocession of 

Lake Queenstown. Falls. I 

Ontario. I 



Fig. 85.— Section showing the Rocks at the Falls of Niagara. 
A, sandstone ; b^ shale ; ^, beds of limestone. 

the waterfalls that occur in the beds of some rivers. Such has 
been the origin of the deep trench that stretches a distance of 
seven miles from Queenstown to the Niagara Falls. This ravine 
has a breadth varying from 200 to 400 feet, with almost perpendi- 
cular walls, which terminate suddenly in the escarpment or 
heights seen at Queenstown, where the falls are believed to have 
first been situated. On looking at the figure it will be seen that 
the falls take place from the edge of hard limestone rocks, and 
that these rocks overlie beds of shale, which is a much softer 
material. These soft shales are being continually crumbled 
away and removed by the spray that rises from the pool at the 
foot. The projecting limestone thus undermined falls down at 
various intervals, and thus the position of the falls is continually 
retreating. 

It is even possible to form some idea of the time taken to 
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cut out the gorge. Recent inquiries have shown that the rate of 
retrocession is probably between four and five feet per annum, 
and if we divide the length of the gorge by four, we get be- 
tween 9,000 and 10,000 years as the time during which it has 
been forming. 

234. LOngitadinal ancl Tranivene Talleyi. — Mountain chains usually 
lun in one general direction ; and though they may give o9 lateral ridges, 
the chief peaks coincide moie or less with the axis of the main chains. In 
several cases we find nearly parallel ranges separated by a depres^on or 
valley, whose bend coincides with the general direction of the mountain 
chains. 




Such a valley between two parallel ranges is called a longitudinal valley. 



Thus the Rhone flows ft 
in the longitudbal valley between the Hi 
Italian Alps (Lepontine and Pennine) or 
ran more or less at right angli 
deeply entrenched by the 
act as feeders of the main stream in^ 
fig. 87). The tops of two adjacent 
■0 peaks, the depressions between which form 



of St. Gothird to Marligny 
nese Alps on the north and the 
the south. Transverse valleys 
' [in chains. They are often 
t run down their slopes and 
the longitudinal valley (see 
valleys often lie between 
I eel at pass to the opposite 
side of the mountain chain. Longitudinal valleys are usually longer, have 
less descent and more gentle streams than transverse valleys. 

335. Allnyinm and Bivar TamoM.— -WTien a river traverses a wide 
valley in times of flood it may overflow its banks, and the spreadii^ water. 
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the tracts of land over which it extends, 
silt, mud, sand, and gravel, mixed >l times 
with twigs, leaves, and bones. 

The matter washed down and depOMled 
on the sides of theriveiin this way is called 
ttllta>ium (Lai. luo, I wash). Alluvial 
soils are thus formed on the districts bor- 
dering a river, and the edge of the alluvial 
plain IS generally at the level of the highest 
Hoods. The height of this plain is at Hrst 
increased by successive floods, but as the 
river deepens its channel the flood can no 
longer reach its first height, part of the old 
alluvium is cut into, and a new flood-plain 
is formed at a lower level. In this way 
the river valley comes to show a series of 
terraces formed of alluvium. These ter- 
races of mud, sand, and gravel are often 
spoken of as river terraces. These allu- 
vial terraces are seldom found complete on 
both sides of a river at the same place, as, 
owing to the serpentine course of many 
streams, the banks are often eroded on the 
concave side, and deposits made only on 
the convex lower banks. 

236. Delta Formation — In the lower 
part of the course of a river the velocity 
ofthe stream has generally become so much 
diminished that deposition of sediment ex- 
ceeds erosion. This lakes place in par- 
ticular where the flow is checked by the 
sea or lake into which a river empties it- 
self Here a large part of the sand and 
mud is deposited, and where the tides are 
small and the currents feeble this accumu- 
lates, so that in time the matter thus 
brought down rises above the sea level 
In this way the river slowly (ills up the bay 
or gulf into which it discharges itself, and 
a triangular deposit of tow flat alluvial 
soil, called a Delta, is formed. It is so 
named from its resemblance to the Greek 
tetter A, delta. The delta begins at the 
point where the waters laden with mud 
lirst met the sea in times long past ; and 
from this point, called the head of the 
delta, it gradually widens, growing out. 
wards and upwards year after year. It is 
made up of the successive layers of detritus 
brought down by the stream ; and the 
shorter and more rajwd the course of the 
river, the lai^erand coarser is the sediment 
of flood, loo, the |>ailicles will be la^er 
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than lit other limes. The main stream usually spliis up into many branches, 
which traverse the accumulations brought down, and these various channels 
form a regular network of streams, which sometimes shift their directions, 
owing to some beingsiltedupand new ones being formed. Among the well- 
known deltas are those of the Ganges and BrahmapQtra, the Mississippi, 
the Nile, the Rhine, ihe Rhone, and the Po. The Ganges has its source 
in a mountain stream issuing from a glacier in the Himalayas, at a height 
of 13,800 feel al>ove the sea. During the first JOO miles of its course il falls 
12,000 feet, and has almost the speed of a torrent ; but after this it flows 
more quietly for over 1,700 miles, when il discharges its waters by many 
branches into the Bay of Bengal. During its course it receives a vast 
multitude of tributaries, twelve of which are greater than the Rhine. It has 
been computed that the average discharge of water by this river exceeds 
300,000 cubic feet per second, and during floods it is said to contain ^part 
of its weight of matter in suspension. It would thus cover with sediment 
an area w 2,276 square miles to a depth of one inch every year. The apex 
or head of the delta is 200 miles from the sea, and the whole delta has an 
area of over 8,000 square miles. At Calcutta a boring has been made 
through the delta deposit to a depth of 481 feet without reaching the 
Ixittom. The deposit was seen to consist of sand, clay, pebble-beds, and 
some vegetable remains. The delta of the Ganges is joined by the delta 
formed by the still larger river Brahmapfltra, and the union of these two 
immense deltas is ^own in fig 88 From the mouth of the main branch 
of the Oanges the Hoi^ly Ri>er, to the mouth of the main branch 
of the Brahmaputra the Megna River there is a sea front of 220 miles, 
ind the area of the united deltas is nearly equal to that of Ireland. In this 
delta the land near the sea is mostly a suampy marsh, covered with a rich 
- vegetation of mangroves, nipa- 
palms.&c. ; while beyond the maigin 
of the land for some distance there 
mmerous shoals and sand-banks, 
nore sediment is brought down 
marshy sunderbunds will rise 
higher and become habitable, and 
the shoais and sand-banks will be 
, changed into marshy land forming 
a seaward extension of the delta. 

The quantity of sed iment brought 

down by the Mississippi is even 

' greater than that brought down by 

the Ganges. It has long agp filled 

up the bay into which it first flowed, 

and is now sending out tongues of 

into the Gulf of Mexico, and 

advancii^attherale of about 30Ofeet 

annually. The whole area of this 

delta exceeds iz,ooo square miles. 

Fig. 89.— LovferPonionof Delia pf of which one third is sea-marsh. The 

Misussipin. 3. 4. «, 7, and a, channels. goosefool-Ukc head of this delta 

presents a striking contrast to those of the Ganges and the Nile. 

The Nile delta has the general typical formof most deltas, and the head 
of the delta at Cairo is 85 miles from the coast (see a map of Lower E^pt). 
In tim^ of flood, which happens during the rainy season in Abyssinia and 
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the interior, the river is charged with sediment, but owing to the a nnua 
overflow the greater part of this sediment is deposited as a thin fertilising 
layer in Lower Egypt, so that comparatively little is now carried out to 
sea. Even that which is carried out is swept away by a Mediterranean 
current, so that there has been no extension of this old delta for over 2,cxx) 
years. 

The Rhine delta forms the greater part of Holland. For a time this river 
was able to deposit its sediment near the mouth without the currents taking 
it away, but after advancing a certain distance the movements of the sea 
were strong enough to remove nearly all the sediment as fast as it was 
brought, and but little further growth takes place. The North Sea has, 
indeed, reclaimed from the Rhine delta the large space now occupied by the 
Zuyder Zee. The Po carries down in flood -times g^,^ part by weight of 
solid matter, and has formed deposits that reach out into the sea for 21 
miles. It is now being increased at the rate of 300 feet a year. Venice, 
Ravenna, and other towns stand on the delta formed by this river and the 
adjoining streams. Wells sunk through the deposits at Venice show that 
they are at least 566 feet thick. The Rhone forms a delta at its mouth 
which is rapidly increasing. Aries, where the river bifurcates, was 14 
miles from the sea in 4CX5 B.C. It is now 30 miles distant. The Rhone 
also forms another delta, not in the sea, but in a lake through which it 
flows ; for rivers flowing through lakes deposit a fan-shaped mass Of sedi- 
ment which forms a delta, the lake acting as a sieve to strain off" the 
suspened particles travelling in the water. Thus the river Rhone enters 
the Lake of Geneva as a swift and turbid stream, but on leaving it at the 
other end the waters are quite blue, clear, and transparent. An ancient 
Roman town, now called Port Vallais, and once situated at the water's 
edge, is at this time more than half a mile inland. Hence the intervening 
alluvial tract must have been deposited during the last 1,800 years. 

Such a delta is called a lacustrine delta (Lat. lacus^ a lake). 
Lakes into which rivers flow are thus being contracted at their 
upper ends, and are slowly 
being filled up by the sedi- 
ment which the river trans- 
ports. 

In the district occupied 
by the delta the sand and 

silt are deposited most abun- Fig. 9o.-Stream.n.^nning m^ a Lake and 

dantly on the margins of the 

river channels, and thus the banks are raised higher than the 
general plain. The banks of the Po and other deltaic rivers in 
the lower parts of their course have been further raised arti- 
ficially in order to preserve the country from flooding. As the 
river deposits on its bed, this may even rise till the level of the 
water is above that of the surrounding country. Should the 
river burst its banks great damage and destruction of property 

M 2 




164 Elementary Physiography 

follows. Fig. 91 shows a section of a river in a delta, and is 
very dififerent from that of the stream when flowing through the 
valley in the higher parts of its course. 



Fig. 91. — Section of River in a Delta. 

Every river does not form a delta at its mouth even 
when it brings down plenty of sediment. Where the coast- 
line near the mouth is steep, where the sea is deep, and the 
velocity of the stream great, or where there are powerful 
tidal currents, no delta is formed. Thus the Thames forms no 
delta, although it brings down every year a large quantity of 
sediment. Much of this is deposited near the mouth, particu- 
larly during the rise of the tide, when the downward current of 
the stream is arrested. But as the tide flows out it assists the 
river current itself in sweeping away the previous deposit The 
conflicting currents in the estuary or tidal part of a river often 
give rise to shoals and sand-banks^ the sediment being swept 
away in one part and gathered together in other parts. At 
times the ponding back of the waters by each rise of the tide 
in the mouth of a river causes the deposition of the sediment 
to take the form of a line of accumulated material across the 
course of the river, known as a bar. 

237. Springs. — As about one-third of the water that falls 
as rain sinks into the ground, it is necessary to inquire what 
becomes of this portion. Some kinds of rocks are said to be 
permeable, but other kinds are almost impermeable, and the 
water falling on these quickly runs off the surface unless they 
are traversed by fissures. Among permeable rocks may be 
mentioned gravel, loose sand, sandstone, and chalk ; whilst 
clay, granite, basalt, and slate are nearly impermeable. Even 
among those rocks which are pervious the quantity as well as 
the rate at which the water passes through is very variable. In 
valleys where the strata are nearly all impermeable the rainfall 
runs off very quickly, and gives rise to floods in rainy weather, 
while the rivers become dry in fine weather. Where there is a 
fair proportion of permeable strata through which the water can 
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pass, an almost constant supply is furnished to the rivers. For, 
however deep this water may sink, either through a porous rock 
or through the branching fissures of other rocks, it is almost 
wholly stopped at last by an impermeable stratum. It then 
finds its way along the junction of the permeable and imper- 
meable strata till it reaches an outlet at the surface in the form 
of a spring. Springs thus serve to drain the porous rocks that 
lie above them, and are always found at a lower level than the 
ground from which their supply of water is derived. They are 
met with in all parts of the world in valleys near the tops of 
h Us on the h 11 sides n caverns and even under water bome 
flow forth naturally while others have been formed after 
art ficial boring through the superfic al strata. Where the 
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water comes from a great depth it is warm, and as warm water 
can dissolve more mineral matter than cold water, such hot 
Springs are always richer in dissolved salts than cold ones. 

338. Snr&ce Bpringa.— In surface springs ihe water simply falls down 
through the icKks by the action uf gravity, and after going through its 
underground course comes out al the surface in some depression at the 
junction of a porous and impervious layer (see fig. ga, A and B). The 
point at which the water flows out is often determined by the inclination 
or dip of the strata, the amount of dip being measured by the angle which 
the surfece of the bed makes with a horizontal line. It is evident that, as 
the water passes through the porous rocks above, it will sink unlil it reaches 
the impermeable rocks, and then flow along in the direction of the dip or in- 
clination until the strata come to light in a valley or the side of a hill. Hence 
such surface springs are also called <fi^ springs (seeB in fig. 92). Of course 
the upper pervious layer will only hold a certain amount of water, and 
when it becomes saturated to the top the water will run off at the surface. 

239. D«ep-Beatad EjiriiigB. — In deep-seated springs the water has sunk 
through the joints and crevices which are found in most rocks to a con- 
siderable depth. Then, not being able to gef any lower, the pressure of 
Ihe water behind and a1»ve forces it up through some fracture or lissure 
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opening upwards till it reaches the surface. These springs may be found 
either in a valley, or at a considerable height on a hill. They are fed by 
the distant strata, and the water having passed through the cracks and 
fissures of its underground course comes to the surface by pressure. Thus 
in fig. 92 the water that passes through the crevices of the rocks at the higher 
part C may pass down to a great depth ; but when these rocks become 
full the water is forced up at the lower point s. Such a deep-seated spring 
may also rise at the junction of a water-bearing rock with a compact imper- 
vious rock. 

240. Artesian Wells. — An important class of artificial 
springs or wells is known as Artesian Wells, Where bent 
pervious beds of rock lie between two bent impervious beds, so 
as to make a basin-shaped depression, lower in the middle than 
at the edges, the rain which sinks into the pervious rock where 
it reaches the surface will begin to gather in the central part of 
the porous rock as in a reservoir. If a hole be now bored in 
the hollow of the upper impervious bed till it reaches the water- 
bearing stratum, the water will well out at the top. The section 




Fig. 93. — «, artesian well : 3, b, impermeable strata ; c, r, porous stratum ; 

d, d, collecting surfaces. 

shown in fig. 93 illustrates the arrangement of strata necessary to 
produce such a well. The water thus obtained may have fallen 
a distance of many miles several months previously, and if the 
gathering-ground be high the issue at the well may be forced by 
the pressure of the water behind to a considerable height. 
London and Paris are both situated in such basin-like depres- 
sions. Some of the water in London is obtained by boring 
through the upper layer of what is called London clay till the 
Tertiary sand or chalk is reached. When such water-bearing 
strata are not tapped artificially the water will at last overflow as 
a natural spring. It has been calculated that the water which 
falls on the chalk hills in Hertfordshire takes about sixteen 
months to travel to its outlet in the springs that feed the river 
Lea. 

241. Thermal and Mineral Springy. — Springs of heated 
water are known as thermal springs. Springs which hold an 
unusual quantity of mineral matter in solution are called 
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mineral springs. Ordinary spring water contains from 60 to 
500 parts of mineral matter in 1,000,000. As thermal springs 
usually contain dissolved in them mineral substances not held 
in solution by springs of cold water, they are generally mineral 
springs also. The temperature of such springs depends on the 
depth from which the waters rise. There is a boring near 
Berlin to a depth of 4,172 feet, and the water which rises has 
a temperature of 110° F. As several natural springs have 
a much higher temperature, we may assume that they rise 
from a still greater depth. Thus the waters at Carlsbad 
have a temperature of 150° F. Mineral springs are of several 
kinds :— 

(1) Those having in solution an oxide of iron and possessing an inky 
taste are known as ferrugineus or ehalybtate spiinES- 

(2) Cakaremts springs, which are abundant in limestone and chalk 
districts, are those which have dissolved much carbonate of lime (see par. 

■3* 

(3) Brine springs contain a large proportion of common salt in solution. 
They occur at Nantwich, Droitwich, &c. 
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242. Snbinarine Bprii^ —It is not difficult to see how in certain cir- 
cumstances a spring of water may occur in the lied of a river, or even be- . 
neath the surface of the sea. Submarine springs of fresh water are found 
on several parts of the Mediterranean coast. Where the coast is high, and 
the rocks are fissured in such a, way that the orifice of escape is beneath the 
sea, the pressure of the water at the higher levels may lie so great as to 
drive out the fresh water into the sea-bed. Owing to its lighter specific 
gravity, as well as to the force of ejection, the water of such a spring rises 
to the surface (see fig. 94). 
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343. Iiit«tmin«nt Bprinc*.— Some <ipringE are met with whose flow is 
diKOnlinued for a limf and then begins again. These intervals are of 
duiatjon, and 



seem to depend chiefly 



:t)ns«iuence of s< 
l™i dislurbance. It is 
fed by a number of fis- 
■-iires in the overtying 
"£,■' V r"ck, and the channel of 
""^SMS^e escape is 6 
^ .^E . upwards. As long as this 

undergtoand reservoir is 
filled lo the height of the 
bend by which the water escapes the spring seen at the foot of the rock con- 
tinues to How ; but when a time of drought comes the water in the reservoir 
sinks below the bend, and the flow ceases. 

244. Landlltpt. — It occasionally happens that large masses of rock 
slide down a hill or mountain into a valley, 01 on to a sea-coast. In such 
coses the strata are usually inclined towards the direction of the falling 
mass. Thia slips down because the action of the undet^ound water has 
removed or rendered soft and slippery the supporting stratum, and hence the 
overlying portion slides forward and tumbles down. Such calamities often 
happen after a rainy season in mountainous districts where porous beds, 
such as sandstone or conglomerate, rest on sloping beds of impervious clay. 
The great fall from the Rossberg nioimtatn in Switzerland on September 3, 
1806, was brought about owing to the support of some upper beds b«ng 
removed after a long period of rain. An immense mas? of rock slipped 
down into the plain of Goldau, destroyed two villages, and killed Soo 
persons. A large landslip took place at Axmouth, on the Dorsetshire 
coast, in 1S39. This was caused by the springs that is^ue from the face of 
the cliffs gradually removing the support of the upper part of the cliffs, so 
that the superincumbent mass fell forward towards the sea. 

345. GBjtetl. — Geysers are hot springs which are chiefly found in vol- 
canic districts, and which shoot up columns of water at various intervals. 
These intermittent jets sometimes rise to a height of two hundred feet. 
The Yellowstone Park in the Rocky Mountains is the most remarkable 
geyser region in the world. The great Beehive Geyser discharges a 
column once a day, while others play almost every hour. Iceland is 
another well-known geyser region. All (he geyser waters hold in solution 
a considerable quantity of silica. The highly heated water decomposes the 
felspar and other volcanic rocks, and becoming slightly alkaline with the 
soda or potash these contain, it is enabled to form a silicious solution. 
The silica taken up is deposited again round the mouth of the orifice. In 
(his way the Great Geyser of Iceland has formed asilicious mound 40 feel 
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the 
lempemlure is far 
above Ihe boiling 
pqim(2i2''F.)i|; 
the otdinaty pres 
sure. But at last 
the lower portion 
rises to a position 
where ihe tem 
peralure is above 
the boiling-point 
at the pressure it 
there sustains, and 
then, flashing into 

column above in 
to the air. After 
playing for a icv, 
minutes the water 
falls back Into the 
basin, and remains 

246. Glaciers 

— The snow 
which falls 
above the snow 
line partly dis 
appears through 
evaporation 
from its surface, 
but as the sup 
ply far exceeds 

the waste, it tends to accumulate On attaimng a certam 
depth its own weight is sufficient to press the lower portions 
into ice, and this change into ice is also brought about by the 
water that forms during the heat of midday sinkmg through 
the crevices of the mass and freezing at night Successive 
layers are formed as each winters snowfall succeeds another 
and a semi-compact granular mass of ice forms at the upper cup 
shaped end of a mountain valley. The beds of snow accumu- 
lated by each winter's fall form layers of irregular thickness, 
being usually separated by a dirt-line, consisting of dust and 
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fine grit that has been blown on to the surface in summer. 

When a sufficient depth of such snow-derived ice has collected, 
the lower portions are squeezed out and, impelled by gravity, 
travel down the valley slope as a river of ice, or glacier. This 
compacted parent mass of snow-ice is called neve, or firn, and 
it only gathers where there is a suitable cup-shaped expansion 




at the head of a mountain valley that reaches up to the snow- 
fields. On conical mountains with very steep sides the snow 
does not gather, but soon falls down to the foot, where it is 
melted- Hence a glacier may be described as a stream of ice 
formed by the consolidation through pressure of mountain 
snow. From the sides of steep mountains masses of snow 
sometimes slide down, and, accumulating as they descend. 
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cause great destruction in the valleys below. Such falling 
masses are called avalanches. 

2Ji,-i. Hodoa and Size of Glaoiera.—A glacier fills up its 
valley to a certain height, and accommodates itself to the various 
windings. It moves slowly down, being pushed on from above, 
partly by sliding and partly by a yielding in the mass itself. 
Professor Tyndall attributes this yielding to continual frac- 
ture and regelation in the mass, but Forbes maintained that ice 
behaves like a very viscous fluid, the glacier being a plastic 
mass with tenacity sufficient to mould itself upon the obstacles 
which it encounters, except where the forces are so violent as 
to produce fissures. As mountain valleys often lead into one 
another, several glaciers may unite in a single valley to form one 
large trunk glacier. The rate at which a glacier moves varies 
with the season , 

and slope, the mo- %'^\-%. 
tion being less in f^ * 
winterthan in sum- ^~~^ ^ 
mer. The motion, 



the c 



5 than at 




The motion has been 
a glacier, and 
e all found to 
niddle had moved 



the side, greater in 
its upper than m 
its lower surface, pj^^ 93.— loitj 
In this respect it " 

exactly resembles the flow of a 
proved by driving a straight row of stakes a 
observing these in the following year. They w 
have moved down, but those nearest the i 
farthest, and the stakes thus pre- 
sented the form of a curve. Some ^ 
glaciers, where the slope is slight, 
move only three or four inch 
day ; m other cases a rate of from 

three to four feet a day has been observed. Greenland glaciers . 
have a still greater rate of motion {par. 193). The varying 
rate of the motion of the ice in different parts of the glacier 
and the irregularities of its bed, cause strains in the ice, by which 
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fissures or crevasses are produced. Some of these crevasses 
are of immense size, especially where there is a sudden descent 
in the bed of the glacier, and the ice falls over the summit of a 
slope. Hence the surface of a glacier is seldom even, but has 
the appearance of broken and irregular blocks confusedly 
heaped together. The Swiss Glacier varies in length from 5 to 
16 miles, in breath from i to 3 miles, and in depth from 500 to 
r,ooo. feet. The huge Baltoro Glacier, fed by the n^v^ of the 
Korakoram Mountain, is 36 miles long. But even this is 
exceeded by the Arctic glaciers which cover Greenland, and 
which give origin to icebergs as already explained. The 
Norwegian glaciers are mostly shorter than the larger Swiss 
glaciers. As the glacier is pushed down the valley it is con- 
stantly being lessened by evaporation and liquefaction, but the 
pressure of the mass behind usually causes the compact ice to 
descend below the snow-line, sometimes to a distance of 5,000 
feet. It ends as a broken cliff of ice, with an archway from 
which flows a stream of muddy water. During periods when 
the snowfall on the height is less than usual, or when the 
summer heat is unusually great, the foot of the glacier retreats. 
Most of the Swiss glaciers are thus falling back somewhat, and 



this seems to point to s 




change of climate. 

248. MoraineB.— The sides of the 
steep rocky valleys through which the 
glacier descends are constantly being 
acted upon by the weather, and angular 
fragments of rock frequently fall on 
the sides of the glaciers. These form 
what are called the lateral or side 



■\Vhen two glaciers unite to form 
one stream, two of the lateral moraines 
unite and descend along the centre, 
Posiiion forming what is called a medial or 
laims; m,ni,miQaienuiraLnes: ««/r(i/ moraine (see fig. 100). Both 
, Krmma moraines. ^j^^ lateral and medial moraines are 

transported along the surface of the glacier to where it termi- 
nates, and there the mass of stones and rubbish is discharged, 
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forming m front of the glacier what is called a terminal moraine. 
In this way hundreds of tons of rocks, some of which have 
been borne on the back of the glacier for many mDes, are 
gathered together. The surface of the glacier is constantly 
decreasing by evaporation and the sun's heat, and thus in 
summer streams of water pour into the crevasses, and flow 
along beneath the surface till they reach the foot In some 
parts a block of stone prevents the melting of the ice beneath 
it, so that there a column of ice forms having a stone cap. 
This is known as a glacier table, 

249. Xrosion of Books by Olaoiers. — Not only does the glacier carry 
down numerous rock-masses on its surface, but others, called the moraine 
profonde^ are pushed along beneath the glacier, finally forming part of the 
terminal moraine. Many of these have fallen from the surface into 
crevasses at the sides or in the middle of the glacier. On emerging at the 
end they show an appearance very different from the angular fragments that 
are deposited from the lateral and medial moraines. While beneath the 
surface and held in by ice they have been subjected to great friction on 
the bottom or sides of the rocky glacier-bed. All their corners and pro- 
jections are worn off, and their surfaces have a smooth and polished appear- 
ance. They have been ground against the underlying rocks, and have in 
their turn grooved and scratched the rocks over which they have passed, 
the marks of this scratching being known as strue. In this polishing and 
marking of the rocks the fine sand and silt resulting from the wear acts like 
emery powder in polishing the exposed surfaces. On the bed of the glacier 
are found smooth rounded rocks., known from their appearance as roches 
moutonnies (sheep -rocks). The dome-shaped roches moutonnies have 
usually a smooth and rough side, the smooth slope being in the direction 
from which the ice travels; while other roches ttioutontUes zxe rounded, 
striated, and polished on all sides. Such roches moutonnies are to be seen 
when the foot of a glacier retreats during a hot season, or they may be found 
exposed on what was once the bed of an ancient glacier. 

In the bed of a glacier, hollow rounded cavities called moulinSy or 
glacier-mill:^ are drilled out where a stream of water, derived from the 
melted ice of the upper surface, descends through a crevasse. Such little 
rivulets frequently form and fall down with a loud roar. As the supply of 
water is cut off by a fresh crack a new moulin is formed. Some of these 
streams scoop out in the solid rock a moulin many feet deep. 

250. Glacier Waters. — The turbid water issuing from the 
cavity at the foot of a glacier has been partly derived from 
the melting that has taken place all along the surface, partly 
from the melting at the bottom of the bed due to friction, 
and partly, it may be, from springs. It has always a peculiar 
milky appearance, due to the light grey sediment in suspension. 
The impalpable powder that forms this sediment is one of the 
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products of the enormous grinding that goes on underneath 
the ice mass, and its fineness keeps it from falling down until 
the river has reached the lower and quieter part of its course. 
Some of the sediment of the Rhine Glacier may be found de- 
posited on the flats of Holland. When deposited this silt 
forms a kind of bluish-grey loam or clay. Rivers which take 
their rise in glaciers are always fuller and more turbulent 
towards the end of summer than at other times, as then the 
greatest amount of ice is melted. In winter the flow from the 
foot of the glacier is at its minimum. 

251. Aucitut 8lBcien.~As ihe rocks over which gliciets pass ate so 
distinctly marked, and as the transported material is so great, it ts plain 
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that any old glaciers that have disappeared will have lefl marks and relics 
that may be easily recognised. Polished rocks and moraines of former 
glaciers can be seen in many parts of the lower Swiss valleys, and in several 
countries of Europe, Asia, and America, where no glaciers are now found. 
Moraine matter, striated and planed rocks, may even be found in the valleys 
ofSnowdonand Cumlierland, and the motainic matter from old British 
glaciers is scattered over many parts of our country, and is known as 
Boulder Clay. Long before history l>e^ns the valleys of Britain were filled 
with glaciers, thus lowing that the climate of our country was once very 
different. Rounded sheep-rocks {rochu moutonnits) may be easily found 
in the Lake district and various parts of Scotland. The former enormous 
extent of glaciers is also proved liy the numerous transported blocks. Theii 
huge size, their angular corners, and Iheir difference from the rocks on 
wmch they are found, all afford evidence that they have been carried into 
their present position by ice. These detached masses were left by the ice 
on the surface of other rocks, often on the summit or edges, and are known 
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3.%perched blocks. They are well seen in the Pass of Llanlteris, on the sides 
ofSnowdon. (The word beulder is generilly restricted to large i*ater- 
wom rounded masses of stone, or to the more or less ice-worn blocks found 
in the stony clay called Boulder Clay. 

au. QlMi^M.— This word must not be confounded with glaciers, 
Glaciires are ice-cavems, or caves full of ice. They occur unconnected 
with any glaciers, and are found in certain districts where a cold current of 
air enters a hollow cavity, and where ice is formed in winter which is not 
melted by the warmth of summer, though the temperature of the cave may 
then be above freezing-point. A remarkable glaci^e is found at Dobschau, 
in Hungary ; others are found in various parts of ihe Alps, and in 
Iceland. 




253. The following passages from an eloquent lecture on 
glaciers by Professor Helmholtz ' will assist in giving the reader 
more vivid and distinct ideas regarding these wonderful phe- 
nomena : — 

' The outward appearance of glaciers is very characteristically described 
by comparing them, with Goethe, to currents of ice. They generally 
stretch from the snow-fields along the depth of the valleys, filling them 
throughout their entire breadth, and often to a considerable height. They 

' Translated by Professor Atkinson. 
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thus follow all the curvatures, windings, contractions, and enlargements ot 
the valley. Two glaciers frequently meet, the valleys of which unite. The 
two glacial currents then join in one common principal current, filling up 
he valley common to them both. In some places these ice-currents 
present a tolerably level and coherent surface, but they are usually traversed 
by crevasses^ and both over the surface and through the crevasses countless 
small and large water-rills ripple, which carry off the water formed by the 
melting of the ice. United and forming a stream, they burst, through a 
vaulted and clear blue gateway of ice, out at the lower end of the larger 
glacier. 

* On the surface of the ice there is a large quantity of blocks of stQne, 
and of rocky debris, which at the lower end of the glacier are heaped up 
and form immense walls ; these are called the lateral and terminal moraine 
of the glacier. Other heaps of rock, the central moraine, stretch along the 
surface of the glacier in the direction of its length, forming long regular 
dark lines. These always start from the places where two glacial streams 
coincide and unite. The central moraines are in such places to be re- 
garded as the continuations of the united lateral moraines of the two 
glaciers. 

* The formation of the central moraine is well represented in the view 
above given of the Unteraar Glacier (fig. 102). In the background are seen 
the two glacier currents emerging from different valleys — on the right from 
the Schreckhom, and on the left from the Finsteraarhorn. From the place 
where they unite the rocky wall occupying the middle of the picture 
descends, constituting the central moraine. On the left are seen individual 
large masses of rock resting on pillars of ice, which are known as glacier 
tables. 

* To exemplify these circumstances still further, I lay before you in fig. 
103 a map of the Mer de Glace of Chamouni, copied from that of Forbes. 

*The Mer de Glace in size is well known as the largest glacier in 
Switzerland, although in length it is exceeded by the Aletsch Glacier. It 
is formed from the snow-fields that cover the heights directly north of 
Mont Blanc, several of which, as the Grande Jorasse, the Aiguille Verte 
(a, fig. 103), the Aiguille du G^ant (b). Aiguille du Midi (c), and the 
Aiguille du Dm (d), are only 2,000 to 3,000 feet below that king of 
the European mountains. The snow-fields which lie on the slopes and in 
the basins between these mountains collect in three principal currents, the 
Glacier du G^ant, Glacier de Lechaud, and Glacier du Talfefre, which, 
ultimately united as represented in the map, form the Mer de Glace ; this 
stretches as an ice-current 2,600 to 3,000 feet in breadth down into the 
valley of Chamouni, where a powerful stream, the Arveyron, bursts from its 
lower end at k, and plunges into the Arve. The lowest precipice of the 
Mer de Glace, which is visible from the valley of Chamouni, and forms a 
large cascade of ice, is commonly called Glacier des Bois, from a small 
village which lies below. 

* Most of the visitors at Chamouni only set foot on the lowest part of the 
Mer de Glace from the inn at the Montanvert, and when they are free from 
giddiness cross the glacier at this place to the little house on the opposite 
side, the Chapeau (n). Although, as the map shows, only a comparatively 
very small portion of the glacier is thus seen and crossed, this way shows 
sufficiently the magnificent scenes, and also the difficulties of a glacier ex- 
cursion. Bolder wanderers march upwards along the glacier to the Jardin, 
a rocky cliff clothed with some vegetation, which divides the glacial current 
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of the GUcier dii Tal^fre into two branches ; and bolder 
yet higher, to the Col du Geant(li ooo feet above the se 
Italian side to the valley of Aosia 

'The surface of most glac ers is dirly from the nun i 
sand which lie upon it ind which are heaped ii^ther i 







under them and among them metis away. The ice of the surface has been 
partially deslroyed and rendered crumbly. 

' In the depths of the crevasses ice is seen of a purity and clearness with 
which nothing that we are acquainted with on the plain? can be compared. 
From its purity it shows a splendid blue, like that of the sky, only with a 
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greenish hue. Crevasses in which pure ice is visihie in the interior occur 
of all sizes : in the bt^nning they form slight cracks in which a knife can 
scarcely be inserted ; becoming gradually enlargeii lo chasms, hundreds or 
even thousands of feet in length, and twenty, fifty, and as much as a 
hundred feet in breadth, while some of them are immeasurably deep. 
Their vertical dark blue walls of crystal ice, glistening with moisture from 
the trickling water, form one of the most splendid spectacles which nature 
can present 10 us ; but, at the same lime, a spectacle strongly impregnated 
with the excitement of danger, and only enjoyable by the traveller who 
feels perfectly free from the slightest tendency lo giddiness. The tourist 
must know how, with the aid of well-nailed shoes and a pointed alpen- 
stock, to stand even on slippeiy ice, and at the edge of a vertical precipice 
the foot of which is lost in the darkness of night, and at an unknown 
depth. 

' We have hitherto compared the glacier with a current as regards its 
outer form and appearance. This similarity, however, is not merely an ex- 
ternal one ; the ice of the glacier does, indeed, move forwards like the 
water of a stream, only more slowly. That this must he the case follows 
from the considerations \sy which I have endeavoured to explain the origin 
of a glacier. For as the ice is being constantly diminished at the lower 
end by melting, it would entirely disappear if fresh ice did not continually 
press forward from above, which, again, is made up by the snowfalls on the 

' But by careful ocular observation we may convince ourselves that the 
glacier does actually move. For the inhabitants of the valleys — who have 
the glaciers constantly before their eyes, often cross them, and in so doing 
make use of the lai^er blocks of stone as sign-posts — detecl this motion by 
the fact that their guide-posts gradually descend in the course of each year. 
And as the yeariy displacement of the lower half of the Mer de Glace at 
Chamouni amounts to no less than from 400 to 600 feet, you can readily 
conceive that such displacements must ultimately be ol^erved, notwith- 
standing the slow rate at which they take place, and in spite of the chaotic 
confusion of crevasses and rocks which the glacier exhibits.' 

^254. Qsnsral Beintti of Denndkttim.— The general tendency of Ihc 
various denuding agents is to crumble away rocks and to carry the debris 
from higher to lower levels. In this way lakes are filled up and disappear, 
theseatottom is covered with layers 
of sediment, and material is thus 
accumulated that will afterwards he 
^ consolidated into rocks. But in do- 
g so the various denudbg agents 
t unequally. In one place the 
nd is eroded or eaten away at a 
comparatively great rate; b another 
place some of the denuding agents 
s are absent, or their power is checked 
l:y the hardness of the rock, and 
little waste goes on. Various inequalities of outline are thus produced on 
the surface of the earth. Table-lands are carved out into valleys and 
hills, ravines are deepened and widened, and mountains are rendered 
more rugged and precipilotis. Some idea of the tremendous amount of 
waste and the vast periods of time may be formed when it is pointed 
out that nearly the whole of the present scenery of Scotland, its moun- 
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tains and glens, its uplands and lowlands, are mainly the result of the de- 
nuding tools that have sculptured its present surface. The level of the 
basin of the Ganges is being lowered at the rate of one foot in 2,400 years, 
while in the case of the Po the rate is one foot in 730 years. Professor 
Geikie calculates that the rate of denudation in the British Isles is one inch 
in 800 years, and that it would require 5,500,000 years before the land w^as 
reduced to the level of the sea. But while this crumbling of the rocks and 
dispersion and deposition of the material removed have been going on, 
other changes have been occurring which tend to counteract the levelling 
produced by denudation. For though the land is slowly sinking in some 
areas, upheaval is taking place over large tracts ; and volcanic activity, at 
one time much greater than now, frequently throws up immense quantities 
of matter in floods of lava or showers of ashes. There is thus a constant 
struggle between the two opposing forces, denudation and upheaval. 

255. Eepresentation of the Surface of the Earth on Maps. 

— For a considerable period officials of our Government have 
been engaged in making a National Survey of the United 
Kingdom, and the results of their labours are embodied from 
time to time in reports and maps. These maps are on various 
scales.^ The General Map of the kingdom is published in 
sheets, and is on the scale of one inch to the mile ; that is, it 
is ^ 3^g^ of the natural scale, there being 63,360 inches in a 
mile : in other words, one inch in length represents a distance 
of one mile, and one square inch represents one square mile. 
The county maps, which may also be obtained in suitable 
sheets, are on the scale of six inches to the mile, or ^QlgQ of 
the natural scale. Parish maps and plans of towns are on a 
still larger scale. Besides showing the rivers, canals, railways, 
bridges, turnpike roads, &c., most of these maps show reliefs 
that is, the undulations or surface elevations of the country, 
either by means of contour lines or by hachures. A contour line is 
a line passing through all places which are at the same height above 
the sea level. The sea margin at a certain state of tide is taken 
as the datum level, and may be regarded as the contour line of 
no elevation. Imagine a mountainous island, and suppose the 
water to rise a certain height, say 50 feet. A new water level 
would be formed * encroaching more on the land than the 
former ; encroaching most at places where the beach has the 
gentlest slope, not encroaching at all on a perpendicular cliff, 

* A catalogue of the various maps and plans published by the Ordnance 
Survey may be obtained through a bookseller. 

N 2 
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and thrust out (seawards) from an overhanging clififi* We 
should thus obtain a new contour line of 50 feet elevation. By 
supposing a gradual rise of the sea we should obtain a series of 
curved contour lines which would finally close in over the 
highest peak. The engineers of the survey obtain their levels 
^or these contours^ or Mines of equal altitude/ by means of 
surveying, and do not require the imaginary floods which we 
have supposed. Contour lines may be drawn at any intervals, 
but those generally chosen are intervals of 50 or 100 feet of 
additional elevation above the sea level. Lieut. -Colonel T. P. 
White, R.E., the executive officer of the survey, states in 
his little book entitled *The Ordnance Survey of the United 
Kingdom,' ^ — 

* These contours are given on our one-inch map to the highest altitudes, 
and, excepting for some of the uncultivated and mountainous tracts of 
Scotland, also on the six-inch maps, up to 1,000 feet, but not (save in a 
very few special cases) on any of the other scale. The procedure of the 
survey has, however, varied in this matter. In Lancashire the contours 
were shown on the six-inch map as close as 25 feet (vertical) apart, both in 
the high and low ground, and at the same interval in Yorkshire, up to the 
limit of 1,200 feet : above that limit the Yorkshire contours were given at 
every 50 feet of elevation. The contours are of the greatest value to engi- 
neers and others for la3ring out railways, roads, canals, water-leads, 
drainage, &c., and for constructing ground -sections to illustrate a particular 
line of country. ' ** They also form an admirable basis for hill-sketching, 
and for correctly expressing to the eye the surface of a country. " * 

Where the ground has a gentle slope the contours spread 
out, and where it is steep they come close together. The 
shortest line drawn to the nearest contour line will give the line 
of steepest slope, or the stream-line^ as it is called \ and the 
gradient^ or amount of rise in a horizontal foot, is inversely as 
the distance in that direction between successive contour lines. 
Knowing their distance apart we can easily tell by means of 
these contours the height of any particular part above or below 
another, and can also picture to ourselves the slope of the 
ground. Figures are often attached to the dotted contour 
lines on the maps of the Ordnance survey. If we had a hill 
shaped like a right cone, there would be uniform steepness 
throughout, and the concentric circles representing the contour 
lines would be at equal distances. In a hemispherical hill the 

* Blackwood and Sons, 1886. 
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lines would be close together at the boundary of the hill and 

would spread out greatly near the top The reader may make 

the water level 

expenment with 

a good sized ~ 
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hill, however, mJj^}^ 
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shown in section, but the inequalities of slope on the sides not 
seen may be judged of from the shape of the different contours. 
The other method employed to represent the surface of the 
ground is by what are termed Aackures. Hachures are shading 
lines, and these lines are made thicker and closer the steeper 
the ground is. This shading of the hill-features on the one-inch 
maps is executed on the principle — 

' ihat the eye, in looking at the map, should be drawn at once lo the 
highest summits by the emphasising of the shading there, and be able to 
distinguish the inleiroediate heights down to ihe lowest ground by the 
relative strength of the shade. Every little ridge, bump, and hollow of 
the ground the scale is capable of representing are brought out with the 
utmost minuteneu and delicacy of expression. Let any one take a few of 
the engraved hill sheets of Scotland, fit them together, and see what a 
marvellous efEect of relief b produced, and how perfeclly the geological 
structure of the country can be read, simply by a faithful and detailed 
rendering of the actual orolc^cal features.' 
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CHAPTER XIII. 

WEATHER AND CLIMATE, 

256. Weather and Weather Charts. — ^The weather at any- 
particular place may be described as the combination of all the 
atmospheric phenomena existing at one time. It therefore 
includes the temperature, barometric pressure, wind, moisture, 
cloud, and electricity of the atmosphere ; and a change of 
weather implies a change in one or more of these elements. 
Various kinds of weather charts are now published in the news- 
papers, and by a careful study of these it is often possible to 
make a forecast of the weather for a day or two in advance. 
Since, as we have seen, changes in the pressure of the atmo- 
sphere are indications of changes in the wind, and since the 
prevailing winds act as carriers of moisture and temperature, 
barometric readings are of the greatest importance. The 
* Times ' daily weather chart is a map of North-western Europe 
on which are marked the isobars at differences of yV of an inch. 
The temperature, the direction and strength of the wind, the 
state of the sky as to cloud, and the state of the sea are also 
indicated. The reader should obtain one of these charts and 
carefully study it. 

* If we take a horizontal line between two isobars, and at that point at 
which the pressure is greatest draw a perpendicular line on any suitable 
scale, which shall represent the difference in pressure between the two 
places, the line drawn from the top of this perpendicular to the lower isobar 
will form an angle with the horizontal, and the steepness of this angle is 
the measure of the fall in pressure between the two stations, and is called 
the barometric gradient.'' 

Gradients are expressed in hundredths of an inch of mercury for 
distances of one degree, or sixty nautical miles, and the closer the isobars 
are together the steeper is the gradient, and, as a rule, the stronger the 
wind. The direction of the wind, as before pointed out, is from the dis 
trict of high pressure to that of lower pressure. To this general statement 
Buys Ballot of Utrecht has added the following law for the Northern 
Hemisphere : Stand with your back to the windy and the line of lower- 
pressure is on your left hand. The opposite of this is true of the Southern 
Hemisphere. The meteorological reports of other papers take different 
forms, all of which are instructive. The * Graphic ' supplies every week a 
diagram on which the pressure and the temperature for the previous week 
are indicated on a special chart. Here is an example of its weekly weather 
chart, and the pupil may probably be induced to construct a similar one 
for himself from day to day. The explanations already given when speak- 
ing of the atmosphere will, with those supplied by the paper, be sufficient. 
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WEATHER CHART 
For the Week ending Wednesday^ September 7, 1887. 
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Fig. 106. 

Explanation. — The thick line shows the variations in the height of 
the barometer during the week ending Wednesday midnight (17th inst.). The 
fine line shows the shade temperature for the same interval, and ^ves the max- 
imum and minimum readings for each day, with the (approximate) time at 
which they occurred. The information is furnished to us by the Meteorological 
Office. 

Remarks. ^The weather of the past week has been exceedingly unsettled. 
Rain has fallen every day, temperature has been somewhat low for the time of 
year, and high winds have prevailed very generally over the southern parts of 
the United Kingdom. At the beginning of the period the centre of a deep 
droression passed in a^ north-easterly direction over our islands, causing con- 
si(^rable falls of rain in all districts, and severe south-westerly to westerly 
gales in the south of England. It will be seen from the diagram that the 
lowest point was reached by the barometer in Ix>ndon at about 8 a.m. on 
Friday (2nd inst.), after which the mercury rose briskly. In the rear of the 
depression the wind moderated, and the weather^ improved temporarily, but on 
Saturday evening (3rd inst.) another shallow disturbance appeared over our 
western coasts, and showers were again experienced generally, with strong 
soudi-westerly winds in the south. On Monday (5th inst.) yet another system 
of considerable depth advanced over our western districts, and the wird rose 
to the force of a moderate gale over the greater part of Ireland and England. 
On reaching Scotland the last-mentioned disturbance became shallower, and 
on Tuesday night (6th inst.) it passed eastwards over England to the North Sea. 
In its rear a rapid rise of the barometer took place generally, and at the close of 
the week the wind had veered to the northward in all districts, with a con- 
siderable fall of temperature. 

The barometer was highest (3o*x3 inches) on Wednesday (7th inst.) ; lowest 
(29*20 inches) on Friday (2nd inst.) ; range 0*84 inch. 

The temperature was highest (69°) on Tuesday (6th inst.) ; lowest (52°) on 
Saturday (3rd inst.); range 17°. 

Rain fell on six days. Total amount 0*89 inch. Greatest fall on any one day 
0*30 nch on Thursday (zst inst.). 
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Instead of a chart the * Standard ' newspaper publishes a 
tabular statement, of which the following is an example. It is 
for the week ending October 31, 1887, and the readings are 
those taken in London. The various instruments which give 
these results have been explained in former paragraphs. 



METEOROLOGICAL READINGS 
{Taken Daily at 7.0 p.m. by Stewards Instruments). 

' The Stanpard ' Office, November i. 
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0-55 
0*12 



*«* At 2 A.M. the barometer remained steady at 29 '68. 

257. Climate. — Climate may be defined as the average 
phenomena of the weather which prevail for a considerable 
period of time in any given place ; or in other words, the 
general state of the atmosphere in regard to heat and moisture 
and those other meteorological conditions that exert an influence 
on animal and vegetable life. The four chief causes that de- 
termine the climate of any place are — distance from the equator^ 
height above the sea levels distance from the sea, and prevailing 
winds. On all these elements many remarks have been made 
already, but it will be convenient in this place to gather to- 
gether some of the chief points connected with each. 

258. Distance from the Equator. — As already explained, the nearer a 
place is to the equator, the more vertical do the sun's rays fall upon it, and 
consequently the greater is the amount of heat it receives (see par. 210). 
Hence we find that in general the heat is greatest in the equatorial regions, 
and that there is a progressive gradual diminution with increase of latitude 
to the extreme cold of the poles. If the earth's surface were uniform, and 
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if there were no motions in the atmosphere, these gradations would run 
parallel with the lines of latitude. But on looking at the maps showing 
the isotherms for January and July it will at once be seen that they are far 
from being parallel to the lines of latitude. Hence other causes must be at 
work modifying this great general cause. The movements of the earth as 
influencing the temperature on its surface will be treated of in the last 
chapter. 

259. Height above the Sea Level. — The law of decrease of heat with 
ascent above the level of the sea has been explained in a previous para- 
graph, and accordingly we can understand the remark of Sir John Herschel 
when he says, — 

* Thus it happens that, in ascending a mountain from the sea level to 
the limit of perpetual snow, we pass through the same series of climates, 
so far as temperature is concerned, which we should do by travelling from 
the same station to the polar regions of the globe ; and in a country where 
very great differences of level exist we find every variety of climate, 
arranged in zones according to the altitude, and characterised by the vege- 
table productions appropriate to their habitual temperatures. ' 

It is owing to this cause that the climate of hill regions in tropical 
countries is milder and more salubrious than that of the plain. Some of 
the European residents in India regularly retire in the hot season to Simla, 
a station on the slopes of the Himalayas, 7,000 feet above the sea level. 
Table-lands everywhere illustrate the influence of elevation in the diminu- 
tion of temperature below the average proper to the latitude, and at the 
same time the liability to seasonable extremes. The climate of Central 
Spain, a region which exhibits naked and treeless plains, lying at an eleva- 
tion of 2,000 feet and upwards above the sea, is very hot in summer and 
correspondingly cold in winter. Madrid is situated on this inland table- 
land, and has a difference of 33° between the mean summer and winter 
temperatures ; while Lisbon, in nearly the same latitude, only shows a 
difference of 18°. The table-lands of Persia and Afghanistan show a 
similar wide range of temperature, with an average temperature less by 
many degrees than the lowlands at the same latitude. Quito is situated on 
a plain under the equator at an altitude of 9,000 feet above the sea. It 
enjoys nearly the same average temperature as the temperate zones. But 
even where the average temperatures of a plateau and a lowland in the 
same latitude are about the same, a great difference exists between the 
summer and the winter temperatures when the plateau is at a distance 
from the sea. 

260. Influence of the Sea on Clitfiate, — The ocean acts as a great 
moderator of temperature. As the rays of the sun penetrate the water to 
a much greater depth (500 feet) than they do the land, and as much of the 
sun's heat is used up in evaporation, water is much more slowly heated 
than land. Besides, it requires four times as much heat to raise the tem- 
perature of the water one degree as it requires to raise the surface of the 
ground the same amount (see par. 63) ; and since substances that absorb 
heat slowly also radiate slowly, the sea is much more slowly cooled by 
radiation than the land. In winter the sea slowly gives up the warmth 
stored up throughout the summer, while in summer the cool breezes 
blowing from it temper the heat on the land. Hence the temperature of 
the sea is much more equable than that of the land. These different heat 
properties of land and water give rise to three classes of cMvazXe— Oceanic ^ 
Insular, and ContiftentaL Oceanic climates are those which are regulated 
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entirely by the sea at the given place. They are only to be found on 
board ships or on small islands. They show for the same latitudes the 
least differences between the mean temperatures of the different hours of the 
day and the different months of the year. Some of the island groups in 
the Pacific, even within the torrid zone, enjoy a most equable climate, the 
thermometer not varying more than five or six degrees during the twelve 
months. This is due to ever-blowing breezes from the sea, the surface tempe- 
rature of which in the tropics shows but little variation throughout the year. 

Insular climates are those in which the annual range of temperature is 
small because the presence of the ocean diminishes the heat of the summer 
and the cold of winter. 

Continental climates are those in which there is a great range of tempe- 
rature from summer to winter, and the maps of the isotherms show the 
suitability of the term. Great Britain and New Zealand are examples of 
insular climates, the summers not having the intense heat, nor the winters 
the great cold, that inland districts in the same latitude have. As an 
example of a continental climate we may cite that of Central Russia. 
Edinburgh and Moscow are in nearly the same latitude. The mean summer 
and winter temperatures of Edinburgh are 57° F. and 38° F. respectively ; 
of Moscow, the temperatures are at the same seasons 64° and 1 5°. Thus 
there is a difference of range of only 19° at Edinburgh and 49^ at Moscow. 
The freedom from the great extremes of Moscow gives to Edinburgh a great 
advantage. This influence of the sea and other large bodies of water has 
been put into the following statement by Dr. Haughton : — * Large masses 
of land, anywhere, increase the range of annual temperature ; and large 
masses of water, anywhere, diminish the range of annual temperature.' 
The inspection of the maps on which the January and July isotherms are 
laid down for every ten degrees furnishes instructive proof of this statement, 
as well as of other causes that operate in the distribution of temperature. 
Compare, for example, the position of the isothermal line of 60^ in the 
Atlantic Ocean, and in the Old World, during these two months ; or com- 
pare the temperature of a point in mid Atlantic and in Central Asia at 
these periods. Near Yakutsk, in Siberia, there is a small district with the 
enormous range of 100° F. At Yakutsk itself there is a temperature of 
65 '8° in its warmest month ; while in the coldest the temperature is —44 '9°, 
or 76*9° below freezing-point. But the influence of the sea is also exerted 
by means of currents. The cold Arctic current that flows from the north 
past the coast of Labrador accounts not only for the fogs so prevalent, but 
also for the great coldness of the country when compared with the countries 
on the opposite coast of the Atlantic, that are washed by the warm waters 
drifted from the Gulf Stream. The influence of this stream renders the 
western coasts of Great Britain far more temperate than they would other- 
wise be, raising the winter temperature several degrees. Its influence is 
exerted not only by the waters that strike the shore, but more effectively 
by the winds that blow from its surface. On the Faroe Islands, several 
hundred miles north of Scotland, it has even a more striking effect. High 
as is their latitude, snow hardly ever remains, even on the highest hills, for 
more than a few days. 

261. Influence of Prevailing Winds. — Winds are one of the most in- 
fluential of the causes affecting climate. Being warm or cold, wet or dry, 
according to the district in which they have their origin, and according to 
the nature of the surface, sea or land, over which they have traversed, it is 
plain that the prevailing winds determine to a large extent both tempera- 
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ture and rainfall (see par. 223). The south-westerly winds that come 
across the wide Atlantic and strike the shores of Britain and North-western 
Europe bring warmth and moisture with them. The vapours condensed 
on the mountains which run along the western sides of the British Islands 
and the Scandinavian peninsula fall to the earth in heavy showers of rain. 
During this condensation a large quantity of latent heat is set free to raise 
the temperature of the air. The importance of rainfall in conveying heat 
will be seen from the fact that one gallon of rainfall gives out latent heat 
sufficient to melt seventy-five pounds of ice. Dr. Haughton calculates that 
the amount of rainfall on the west coast of Ireland, forty-five inches per 
annum, contributes nearly half as much heat to that district as that furnished 
by the direct influence of the sun. As an example of the lowering effect 
on temperature by a cold wind, attention may be called to the southern 
States of North America, where during a part of the winter northerly blasts 
from the higher latitudes of that continent often produce winters of excessive 
severity. Generally speaking, where the prevailing winds are westerly, 
as in the Northern Hemisphere, and where currents of warm water are 
flowing in the same direction from the equator, the cold of winter is greatly 
mitigated, as is shown by the isotherms bending towards the pole. On 
the east coasts of Asia and America, however, the prevailing winds are 
northerly and cold, so that" there is a great difference between the summer 
and winter temperature. Thus it happens that the west coasts of the great 
continents enjoy an insular climate, while the east coasts and the inland 
districts endure the more trying continental climate. 

262. Minor Canses affecting Climate.— Among the lesser influences that 
affect climate may be mentioned the direction of the mountain chains^ the 
slope of the grouttd^ the natute of the soily and the degree of cultivation in a 
country, 

(i) When a mountain chain runs at right angles to the prevailing winds 
it is plain that the opposite sides of the chain will be differently affected. 
By intercepting moist winds, the mountains or the edge of a high plateau 
will favour the production of rain on the windward slope, and dryness on 
the leeward slope. Examples of this influence have been mentioned in 
speaking of rainfall. Our own west and east coasts is a familiar example. 
Mountains also afford shelter from winds. Thus the Alps protect the plains 
of North Italy from the cold northerly winds that sometimes blow in 
Germany and Switzerland. On the other hand, the central and southern 
parts of Russia, having no protecting range in the north, are much colder 
than their latitude would lead us to expect. 

(2) The eff"ect of the general slope of the land may be noticed in a 
small scale in the case of gardens. Those with a southerly or western 
inclination receive the sun's rays more perpendicularly, and being thus 
more heated, produce fruit and vegetables in more profusion than those 
with a northerly or easterly inclination. When the sun is elevated 
45° above the horizon, his rays will fall at right angles on a hill facing the 
south at an equal angle ; while if the north side has a similar slope the 
rays will run parallel to the surface, and their effect will be very small. 
Since the warmest part of the day is not at noon, when the sun is highest, 
but, owing to the accumulation of the heat, at about three o'clock, it 
follows that in our hemisphere a south-south-west or south-western aspect 
is most favourably situated. The effect of aspect or slope is most strikingly 
seen in mountain countries where the ranges run in a general easterly and 
westerly direction. 
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* The Alps encounter on parts of their southern slope as direct a heat as 
that which bums up the Desert of Sahara ; and on their northern they are 
as much hidden from the sun*s influence as are the level snows of Lapland. 
In the Alps of the Valais, on the one .side you may see the vine in luxuriant 
growth when the other is thick-ribbed with ice. Thus, too, the terraces 
and sloping plains which descend from the vast table-land of Central Asia, 
where, inclining from its northern limit, they pass into the steppes of 
Siberia, present, under the latitude of Edinburgh, a cold intense enough to 
freeze mercury ; whilst upon the southern terraces of the opposite Himalaya 
slope flourish, at different elevations, the pineapple, the mango, the gigantic 
cotton-tree, and the saul. This tropical vegetation ascends then to an alti- 
tude of 4,000 or 5,000 feet, mingling itself, and by degrees giving way to the 
plants of a temperate region — elms, willows, roses, and violets ; destined 
in their turn, at a yet higher region, to yield to Alpine forms of vegetable 
life. ' — Professor Moseley. 

(3) The nature of the soil affects climate through the different heat- 
absorbing and heat-radiating powers of various rocks. A sandy waste such 
as the Sahara Desert suffers from great extremes of temperature. In the 
day the sand absorbs great quantities of heat and becomes extremely hot, 
but after sunset it cools rapidly by radiation of its heat into the dry atmo- 
sphere, so that the nights become very cold. Wet, marshy grounds lower 
the mean temperature, the water absorbing the heat and conveying it down- 
wards into the ground. 

(4) Degrees of Cultivation. — Cultivation tends to make a climate drier, 
warmer, and more salubrious. In uncultivated districts the rivers extend- 
ing themselves over the low grounds form pestilential marshes. The drain- 
ing of these marshes and the cutting down of the forests gives the sun 
free access to the soil, and allows a freer circulation of the air. Many parts 
of Europe now enjoy a milder climate than formerly, when they were 
covered with dense forests and full of swamps. There may, however, be 
too great a destruction of trees, and the quantity of moisture in the air 
reduced too much (see par. 225). 



CHAPTER XIV. 

GENERAL IDEAS OF THE CHANGES WHICH THE 
EARTHS SURFACE HAS UNDERGONE. 

263. Primitive Condition of the Earth.— Into the question 
of the origin of the earth as a separate and independent body 
we do not propose to enter further than to state that it is 
believed by many thinkers to be one of a number of masses of 
matter detached from the sun, and to have passed from the 
condition of a gigantic gaseous ball, slowly cooled by con- 
tact with celestial space, to that of a highly heated fluid mass. 
That it was once in a viscous or semi-solid condition is proved 
by its present shape. It is not a perfect sphere, but what is 
called an oblate spheroid. There is a bulging about the equator, 
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and a flattening at the poles, so that the equatorial diameter is 
26 miles more than the polar diameter. Now it can be proved 
by mathematics that a plastic body revolving on its axis must 
assume this shape. We can also illustrate this effect of rotation 
in the following ways. If a quantity of oil be placed in a trans- 
parent liquid it is seen floating in the midst of the fluid as a 
perfect sphere, just as the earth floats in space ; but as soon as 
the oil is made to rotate by means of a wire passed through 
it the spherical form gives place to a spheroidal or elliptical 
one. Another experiment to illustrate this effect of rotation is 
the following. An iron rod is fixed upon a turning table, and 
at the bottom of ne rod are fastened four elastic strips of metal, 
which are joined at the top to a ring capable of sliding up and 
down the rod. When the apparatus is made to rotate rapidly 
the upper ring slides down the rod, and the more rapid the 
rotation the further does the ring slide down. At a great 
speed the impressions of the separate 
strips run together so as to give to 
the eye the appearance of an oblate 
spheroid, as shown in the figure. Wt 
are thus driven to the conclusion that 
I the earth was in a highly heated fluid 
condition, and that though a cooling 
body, it has not yet become cold (see 
par. 155 on the Internal Heat of the 
E^arth). When in this highly heated 
state the atmosphere or gaseous en- 
velope would contain many volatile 
Fic 107.— Eipianaiion of ihe substances now found in a liquid or 

Sph^cUIFonnofiheEarih. ^^^jj^ ^^^^^^ ^^^ ^j[ jj^g ^^j^j. ^^^y 

exist in this atmosphere. As the temperature was sufficiently 
reduced various chemical combinations of the gases sur- 
rounding the earth would take place, and the earliest oceanic 
areas would become occupied by the condensed steam and 
alkaline vapours that were previously above the surface. 
One of the substances thus produced and carried into solution 
by the condensed aqueous vapour was probably sodium chloride 
so that the saltness of the sea to some extent was produced at 
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this far distant period. Little sodium chloride is now brought 
by the rivers, as there is little left in the rocks, and the calcium 
carbonate and silica which they carry down in solution is pre- 
vented from increasing by the various animals that secrete it for 
their shells, &c. The outer crust that formed would consist of 
such crystalline rocks as granite, and would often be subject to 
violent disturbances, due partly to the expansive force of the great 
internal heat, partly to the steam generated when water passed 
into the fissures, and partly to the continued contraction and 
shrinking of the crust. Possibly about this period the nucleus of 
some of the great mountain chains may have been upheaved, and 
the greater oceanic beds formed, though, as the process of con- 
traction has proceeded down to the present day, it is impossible to 
fix a time in all cases. But that this contracting force has up- 
lifted, fractured, and contorted rocks during nearly all ages there 
can be little doubt. 

* Of the original crust of our globe,* says Professor Hull, * we have probably 
no example on any part of its present surface. It has been either worn 
down, and supplied materials for newer formations, or it may have been 
in other places remelted by high internal heat when buried beneath ac- 
cumulations of sediment, and converted into more modern granites or other 
igneous rocks. The oldest known formations are marine sediments, which 
subsequently to their deposition have been completely altered in their 
character and composition, and belong to the class of rocks known as 
metamorphic. It is not impossible that the original sediment of which 
these oldest known strata were formed may have l^een derived from the 
waste of the original crust, but more than this cannot be stated with 
certainty. ' 

264. History of Stratified Books.- With the condensation of water on 
the surface of the earth there would l^egin that process of denudation 
described in Chapter XII. , and from the detritus of the rocks forming the first 
crust of the earth, stratified deposits would begin to be laid down. The 
greatest part of the superficial region of the earth is composed of such forma- 
tions, and they are called j/r^zZ/J/f^^ on account of their arrangement, sedimen- 
tary on account of their origin. They represent the deposits of the sea from 
the remotest periods, and are chiefly made up of the consolidated pebbles, 
sand, and mud of old sea bottoms. They were accumulated much in the same 
way as they are now being formed — the pebble beds near the shore, the 
sandstones a little distance out, and the clay and shale at a still greater 
distance. In the depths of the ocean after a long period were formed from 
the remains of animals those calcareous beds known as chalk and lime- 
stone. All these deposits were successively piled one above another, so 
that the oldest are situated at the greatest depth, unless some later move- 
ment has come to modify the normal arrangement. Great movements 
have occurred during the vast ages when the stratified rocks were being 
formed from the continual waste of land by rain, rivers, glaciers, and the 
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sea ; and there is evidence to show that nearly all parts of what is now 
land have been again and again submerged beneath the ocean, and that 
the various sea deposits have again and again been raised high into the 
air. Even yet the movements of the earth's surface have not ceased, as is 
shown by the rising and sinking of different areas, and by the various forms 
of volcanic activity. But in earlier periods of the world's history these 
internal movements were more active. Igneous rocks have been pushed 
up in dykes, veins, and bosses amidst the stratified rocks in many districts, 
or they have been poured out in lava-flows, or ejected as ashes from vol- 
canoes. Thus the original horizontal stratification has been frequently 
disturbed, and the strata are in many cases bent, crumpled, folded, and 
fractured in extraordinary ways. The relative ages of the various stratified 
rocks have been determined in several ways. "When one stratum rests 
upon another we infer that the lower bed was formed before the deposition 
of the upper bed began. Thus, by observing how strata rest upon one 
another in cliffs, ravines, cuttings, mines, &c. , an order of succession of the 
stratified rocks begins to be made out. Their mineral composition also 
assists in determining their age. But the greatest help in constructing a 
table to show the order of succession is derived from fossils, as the remains 
of animals and plants buried in the rocks are called. The special fossils 
that characterise the different strata have been ascertained, and it has been 
discovered that each age of the world had its own peculiar groups of animals 
and plants — '\\.% fauna and Jlora, From such considerations geologists have 
divided the various strata of the world into three great groups, the oldest 
being called the Primary, the next the Secondary, and the last group the 
Tertiary. Corresponding to these great groups of stratified rocks are three 
great epochs or periods of time— Palaeozoic (Gr. pa/aws, ancient ; zoe, life), 
Mesozoic (Gr. mesos^ middle ; zoe^ life), and Cainozoic (Gr. kainos, recent ; 
zoe^ life). Each of these great groups of strata is divided into smaller 
groups called fonnations^ a formation being a group of stratified rocks 
which have certain characters of age and composition in common. The 
formations included in these three great divisions are shown in the following 

table : — 

Periods Formations 

Pliocene 
Miocene 
Oligocene 
Eocene 
I Cretaceous 



Tertiary or Cainozoic 



Secondary or Mesozoic j Jurassic or Oolitic 

^ Triassic 



Primary or Palxozoic - 



/Permian 

Carboniferous, or Coal Measures 

Devonian and Old Red Sandstone 

Silurian 

Cambrian 
V Archaean or Laurentian 



A fourth period is frequently added alx)ve these, and called Post -Ter- 
tiary, Recent, or Quaternary. It consists of alluvial and glacial deposits 
with peat and crag, the earlier portion of the period being called Pleistocene. 
At the base of these formations the Azoic or lifeless period is sometimes 
shown. The rocks in this division, of sedimentary origin at first, have been 
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Newer Pliocene, or Pleistocene. 
Dri /t Bo ulder, Glacial Beds, Shell Marl, G-c. 

Pliocene. 
Red Crag;_Coralli*:e Crag, &•€. 

Miocene. 
Bovey Tracey Beds. 



Eocene. 

Fresh-water Beds, Bagshot Sand, London Clay, Grc. 



Chalk and Chalk Marl. 
upper Greensand and Gault. 

Cretaceous. 



Lotver Greensand. 
Kentish Rasr. 
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Wealden. 
ryeald Clay, Hastittgs Sand. 



Upper Oolitic. 
Purbeck Beds, Portland Stone, Kimmeridge Clay. 



Middle Oolitic. 
Coral Rag, Oxford Clay. 

Lower Oolitic. 
Combrash and Forest Marble, Bradford Clay. 

Great Oolite. 

Fuller' s-earth. 
Ii\ferior Oolite. _ _____ 

Lias. 
Ufiper Lias Shale, Marlstone, Lvwer Lias Clay, and Lime. 



Trias or Upper Nrw Red Sandstone. 

Wnn'fo-ated Marls nnth Salt and Gvfisum. Varig^ated Siandstones, &•€. 



Permian. 
Magnesian limestone. Lower New Red Sandstone , 



Upper Coal Measures. 

Afiiisiofte Grit, Carboniferous Limestone. 

Lo7ver Coal Measures. 
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Devonian or Old Red Sandstone. 



Upper Silurian. 
IVenlock Limestone, Ludlow Rocks, Tilestones. 



Lower Silurian. 

Bala Beds, Caradoc Sandstone, Llandeilo and Lingula Flags, 
Tremadoc and Festiniog Slates. 



;u 



AZOIC OR ' 

hypozoic 

igneous or i 
nstratified 

ROCKS 



Cambrian. 

Longmynd or Bangor Slates, Llanberis Slates, Harlech Grits. 

\ ' Laurentian. 

I Consisting of highly crystalline Gneiss oid and Homblendic Schists. 

I Metamorphic Rocks. 

Gneiss, QuartziU, Mica Schist, Clay Slate. Ore. 

Volcanic : Lava, Pumicf, Tufa, Basalt, and other Erupted Rocks. 
Plutonic : Granite, Syenite, S-c. 



' POST- 

r Tertiary 

) Upper 
j Tertiary 

I Middle 
f Tertiary 

Lower 
Tertiary 



• Cretaceous 



\ Oolitic or 
Jurassic 



Triassic 
Permian 

Carboni- 
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Devonian 
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Archaean 

) Metamorphic of 
) different ages 
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so changed or metamorphosed by heat, water, and pressure, that they con- 
tain no traces of any living beings. The mineral structure of these meta- 
morphic rocks has been described in par. 144. They are of all ages, the 
change being produced wherever contact with the intrusive and erupted 
igneous rocks has occurred. The formations are divided into still smaller 
groups, according to their mineral composition and other peculiarities. 
The table on page 193, which exhibits an ideal section of the earth's crust, 
will assist in giving the pupil some idea of the groups included in the 
different formations, and of the nature of the rocks comprising these groups. 
The palaeozoic or primary rocks generally possess a more slaty and crystal- 
line structure than those of later groups. Their total thickness has been 
estimated at 78,000 feet, while the thickness of the other strata in England 
and Wales is reckoned at about 15,000 feet. 

There is thus a definite and unfailing order of succession in the various 
stratified deposits that form the chief part of the known earth's crust. 

* To sand and gravel succeed, proceeding downwards, various clays ; 
l:)elow clay comes chalk ; below that again various limestones, known (from 
the nature of their component particles) by the term oolite ; lower down 
certain sandstones ; below them carboniferous limestones ; lower still old 
red sandstone, or " Devonian " rocks ; and yet lower in position the slaty 
and other rocks designated as Silurian. The succession is, indeed, often 
interrupted, some of the intermediate series being absent ; that is, sand- 
stone of the upper series may immediately succeed clay, the intermediate 
chalk and other strata being absent, and so forth ; but the order in which 
various members of the series are found, relatively to one another, under- 
goes no variation. The chalk, wherever it occurs, is inferior in position to 
the clays and gravels, the oolitic limestone to the chalk, and so on. ' 

A practical use may be made of this knowledge of the order of succes- 
sion. If, for example, the formation at the surface be older than the 

carboniferous, we 
know that coal 
cannot be found 
beneath. But if 
the rocks at the 
surface be newer, 
we do not infer 
from that alone 
that coal will be 
found, for the 
Fig. 108. carlx>niferous or 

coal measures for- 
mation may be wanting in that district. But it must not be supposed that 
these rocks are everywhere horizontally arranged, for the upheaving forces 
that operate from below having frequently tilted them at various angles, the 
denuding forces may have been removing beds in one part, while deposition 
has been going on in another. Thus it happens that the edges of successive 
strata often appear at various angles at or near the surface, so that on a 
hill-side, in a deep valley, or even on an open plain, we may see various kinds 
of rock cropping out. The diagram above will assist the pupil in under- 
standing this, though it must not be supposed that the parallel arrangement 
of strata here shown, nor the comparative equality in point of thickness, is 
often met with in nature. If the pupil will look at the geological map of 
England (or any other country), on which the various formations that come 
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to the surface are indicated by different colours, he will understand the general 
arrangement of the strata still better. Bearing in mind that the boulder clay 
and drift occurring here and there in patches, and left when the country was 
covered with an ice-cap, are not represented on such a map by colours, but 
that the various colours are only intended to show the class of rock that 
underlies the" superficial accumulations of soil and gravel, a journey from 
east to west across the central part of the country would show that successive 
strata come to the surface in a very striking order. 

* Broadly speaking, the northern and western parts of England and the 
greater part of Wales are formed of the older rocks, known as Primary or 
Palaeozoic. These were considerably folded and disturbed before the newer 
rocks were laid down. Resting on their upturned edges, or abutting against 
them, lie the Secondary strata, which form a group dipping generally in a 
south-easterly direction, so that in passing from north-west to south-east 
we come successively on higher and higher beds, from the Lias, which 
stretches from Lyme Regis in Dorsetshire to Whitby in Yorkshire, to the 
Chalk, which runs from Dorsetshire and Hampshire to Flamborough Head. 
The older Tertiary beds repose on the chalk in the irregular areas known 
as the London and Hampshire basins ; and they were together much 
disturbed and denuded before the newer Tertiary or Pliocene strata were 
laid down on the western borders of the German Ocean. The Quaternary 
deposits form a distinct group, scattered irregularly over the country and 
^resting indifferently on any of the rocks, from the oldest upwards. . ' ' 

The igneous rocks that reach the surface in England are chiefly found 
in Devonshire and Cornwall, and amid the Cumbrian mountains. 

265. Fossils {'L2X. fossiliSi dug out) are remains, or traces of remains, 
of plants and animals which we find buried in the crust of the earth. They 
only occur in the stratified rocks, where they were deposited at the time 
the rocks were forming, just as we might now find in the beds of lakes and 
seas the buried bodies of the animals now existing. From the more perish- 
able nature of plants it is evident that their remains 
would not be so well preserved as those of animals. 
These remains consist sometimes of the shells, bones, 
teeth, or other hard parts of the original substance of 
the animals or plants ; but more frequently, especially 
in the older strata, the original matter has been re- 
placed particle by particle by mineral matter of a dif- 
ferent composition, so that an exact model of the form is 
left in a different material. In other instances a cast or 
mould only of the object is preserved. Thus not only 
are shells, bones, trunks of trees, &c. , whether mine- 
ralised or not, called fossils, but impressions and foot- 
prints are included in the word. These fossil forms 
were known for a long time, but for many generations 
their true nature was not understood. They were 
believed to be * freaks of nature,' or products of a Fit^- 109- — Belemnites. 
universal deluge, until geologists showed that they ^^?V*^"'l!fA^^* ^^^^"'' 
were m fact organic remams. 1 races of this belief 
are left in some of the names which were first applied to the relics. Thus 
in several of the older rocks, as the chalk formation, long conical fossils 

' The Geology of Engla7id and Wales ^ by Horace B. Woodward, 
F.'G.S., p. 26, second edition, 1887. 
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called Mtmnite! are found. The word is from Ihe Greelt, and means a 
dart, as the ancients lielieveil them to he ihe thunderbolts of Jove. They 
are now known to be the petrified internal bones of a race of len-anned 
cuttle-fishes. 

Another well-known fossil, called the ammeaite, received its name from 
a resemblance to the horns on the statue of Jupiter Amraon. They are 
populariy known as stiakeitones. The ammo- 
nite is (he fossil shell of an extinct kind of 
molluscous or soft -bodied animal that inhabited 
achambered shell curved like a coiled snake. 
Ammonites vary in size from a small button lo 
. a coach-wheei. Many of the shells must have 
L 1>een beautifiilly marked. Both ammonites 
I and belemniles are extinct, having disappeared 
I with the cretaceous period. But among the 
[ fossil lemains none are more strange than the 
immense Saurians, an order of reptiles that in- 
habited the seasof (he Mesoioic period. Fig. 
1 1 1 shows the remains in a rock of one of these 
reptiles, called the ichthyosaurus. It was a 
huge creature from thirty to filly feet long, half 
fish, half lizard, with a snout like a porpoise, 
teeth like a crocodile, and paddles like the whale Each rocky stratum is, 
in lact, distinguished by its fossils, or at least by certain of its fos^ls ; and 
thus the fosHls ser\-e to mark out. the place which the stratum occupies in 
:s of stratified rocks. Moreover a naturalist can tell whether the 
fossil shell (for shells are the most abun- 
dant fossils) was that of a fresh-water 
mollusc, of a mollusc that inhabited the 
brackish water near the mouth of a river, 
marine mollusc, or of a terrestrial 
1 mollusc. This is one of the waysin which 
I the geologist ascertains whether a bed of 
J rock was formed out of the ooie drifted 
P.,. I ... . ^., . ■ over a lake, or out of the sand deposited 

Fit;, in.- Ichlhyosauruscamniunis. . ^ ^ r l , , 

in an estuary, or out of Ihe layers spreatl 
over the bottom of a former sea. The illustration on the next page gives 
a diagram of the stratified rocks, with figures of some of the characteristic 
fossils of each formation. 

266. ProgrMS of Life. — Ijfe b^an among plants in simple sewweeds., 
and these were followed by lycopods (plants intermediate between mosses 
and ferns), ^rnj, and oitiet finuerless plants. To these succeeded the 
lowest kind of ^i>a«r/«i' plants, and finallythere appeared palms, oaks, tht 
ash, the elm, the orange, Ihe rose, and others of the higher (lowering 
species. Among animals life began with simple invertebrates. Fora- 
minifera,' molluscs, corals, and trilobites are abundant in the earliest 
formations. The trilobite, of which there were many classes, was an 

' The earliest known fossil is a supposed foraminiferal form called 
Eomsn canadense. It is found in the Laurentian rocks of Canada. The 
dark layers in the figure are thought to mark the position of the animals. 
Many geologists, however, believe that the marks are of mineral origin 
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animal belonging to ihe same family as the shrimps, but much laiger. Its 
hard shelly covering is frequently found as a fossil in some of the rocks of 
the Palasoioic period, but it disappeared in ihe Carboniferous period. 
Afterwards there came an age when worms and fishes were numerous. 
The Devonian age has been called the Age of Fishe*, as they were so- 

numerous in that period. In this period also 

there appeared the first air-breathing animals, 
in the form of insects. During the Carbonife- 
rous period the land viras covered in many 
places with the huge ferns, club-mosses, shrubs, 
I and trees out of which the coal beds have been 
I formed. Besides the classes of animals already 
f mentioned, ahighergroop of vertebrates, called 
I AmphibianSgWere abundant at this time. Amphi- 
' bians.asfrogsandsBlamanders, areintermediale 
between lishes and reptiles. They breathe \sf 
gills in early life, and by lungs in the adult 
stage. In the Permian period, reptiles, which 
are veriebrate animals that breathe by lungs 
during their whole life, make their appearance, 
and they were so abundant during the Secondary 
or Mesozoic period that it has been called Ihe 
v _T -1 h- Age of Reptiles. The great lizard-like Saurians, 

iG. 113. n le. ^j- ^^,j)[j[j ,j)g ichthyosaurus is an example, 

especially characterise the Jurassic strata. After this period the reptiles 
dwindled, and the higher cfass of animals, known as mammals or quadru- 
peds, roamed over the continents. The earliest fossil birds belong to the 
Jurassic period. For many ^es the birds had teeth, and it was not till 
Eocene times that true birds existed. 

During the Eocene period numerous extinct species of coin-shaped 
Fornminifera, called Nummulites (Lat. niimmus, a coin) inhabited the 
waters. Their fossil shells, which consisted of spirally arranged chambers, 
and which varied in size from an eighth of an inch to an inch, form beds of 
nummulilic limestone. 

It was not until the Quaternary period that the most highly organised 
animal, man, appeared. He seems to have followed the period of great 
cold called the Glacial period, and to have been contemporary with the 
extinct mammoth, cave hyena, cave lion, and Irish elk. Al first his 
weapons were fashioned out of flint, basalt, and bone. Many of the stone 
implements used by prehistoric man have been found in various parts of 
our island, and these become gradually superseded by weapons of bronze 
and iron. At this comparatively late period history begins. Thus there 
has been during the history of the earth a constant evolution of higher 
from lower forms ; and though thousands of species have died out, yet the 
simpler forms have not been wholly destroyed. 

267. ChangM of ClinmtB.— From what has been said about Ihe early 
condition of the earth, It would appear that the climates of the early geo- 
tc^cal periods must have lieen warmer than the present ones. Not only 
would the sun's heat be greater, so that the earth would probably receive 
more from that source, but for some time the internal heat of the globe 
would exert a sen^ble influence on its surface. Other considerations also 
indicate that there has Ijeen a general lowering of temperature during past 
geological time, and a general tendency towards greater extremes of clinmte. 
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Thus the great extent of fossil fuel found in the coal beds of both hemi- 
spheres indicates that during the Carboniferous period there was a uniform 
warm and moist climate, in which coal plants grew in low marshy situations 
so luxuriantly that they were able to produce successive accumulations of 
vegetable matter of great thickness and wide extent. These were from 
time to time covered over by sediments, and at last mineralised and changed 
into beds of coal. In the Cretaceous period the climate of the whole of 
the Northern Hemisphere was of a sub-tropical character, as is proved by 
the nature of the fossil plants found in the rocks of this period. During 
this period also the British Isles and many parts of Central and Southern 
Europe were depressed beneath the sea ; in Eocene times the Alps and 
the Himalayas were raised, and it is not till the close of the Miocene times 
that the land was elevated into a position very similar to the present. 
Such changes in land and water surfaces must have produced some effect 
on climate. But there is evidence to show that towards the end of the 
Cainozoic or Tertiary period alternations of cold and warm ages prevailed 
in both hemispheres. The climate of our islands and of the northern part 
of Europe became as severe as that of the Arctic regions of the present 




Fig. 114. — Section of Coal-field South of Malmesbury. 



1. Old red sandstone. 

2. Mountain limestone. 

3. Millstone grit. 

4. Coal seams. 



5. Coarse sandstone. 

6. New red sandstone. 

7. Lias.^ 

8. Inferior oolite. 



9. Great oolite. 
10. Corn brash and 
forest marl. 



day. Proof of this is abundant in the ice-scratched rocks, erratic blocks, 
and boulder clay formed of ice-ground material, which may be found so 
readily in most parts of Scotland, and in Northern and Central England. 
In fact, the greater part of the country must have been buried under one 
vast glacier, which as it moved downwards ground away the rocks, trans- 
ported huge fragments, and produced the great mass of clay and stones now 
found on the surface of the stratified rocks in so many parts of the country. 
How long this glacial epoch or ice age lasted it is not possible to say ; that 
it was not one unbroken period of cold, but that there were one or more 
warm intervals, seems certain from the remains of forests and animals dis- 
covered in the thicker masses of the boulder clay. The cause of these alterna- 
tions of cold and warm cycles has been attributed to periodical variations 
in the eccentricity of the earth's orbit, combined with the changes which 
such variations would cause in the deflection of ocean currents, and other 
climatic conditions. 

Regarding geological tinte^ little can be said until the pupil haa' 
more acquaintance with the facts of the science. The total '" 
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the stratified rocks, if they were all found superposed in any locality, could 
hardly be less than 100,000 feet, and a very moderate computation requires 
100,000,000 of years for their deposition. 



CHAPTER XV. 

MAGNETISM AND ELECTRICITY OF THE EARTH, 

268. Natural and Artificial Magnets.— Among the older 
geological formations of Scandinavia and America an ore of 
iron having a composition represented by the formula Fe304 
is worked, and from it iron of excellent quality is obtained. 
This ore in its natural state possesses the peculiar property of 
attracting iron and some other substances, and is often called 
magnetic oxide of iron, or the lodestone (A.S. Icedan^ to lead). 
Magnetic iron ore was first found in Magnesia, in Asia 
Minor, and was called by the Greeks magnes^ whence our 
word magnet. Magnets are substances that possess the pro- 
perty of attracting iron, and magnetism is the name of the 
science which treats of the causes and phenomena of this at- 
tractive property. The ore itself is called a natural magnet. 
When a bar or needle of steel is rubbed by a piece of this 
magnetic ore it also acquires the attractive property of the 
ore, and such a bar is called an artificial magnet. 

269. Poles and Neutral Lines of a Magnet.— On dipping a magnetised 

steel bar into iron filings we notice that the attractive force is not evenly 

distributed. Tufts of filings cUng to the end of the bar, and the number 

of attracted filings diminishes 

towards the middle, where 

none are found. That part of 

the bar where there is no visible 

„_ T VI- . J u A* attractive force is called the 

Fig. ix5.~Iron tilings attracted by a Magne.. ^^^^^^^ ^^ ^^^^^^j jj^^^ ^^ 

the parts near the ends of the bar, where the force of attraction is greatest, 
are Z2\\^^^ poles. The term poles or polarity is often employed to denote 
equal and opposite properties in opposite portions of a particle or mass, or 
* opposite and antithetical actions, which are manifested at opposite ends 
of a line of force.' 

Every magnet has two poles and a neutral line. If the bar be broken 
in two, each part will be found to be a complete magnet, with its two 
poles and neutral line. The magnetic force is exerted not only when the 
two substances are in contact, but at a distance. The force, however, 
diminishes according to the square of the distance. It is also exerted 
through intervening substances. If a sheet of glass or cardboard be placed 
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over a magnet, and filings sprinkled over it, it will be seen that the filings 
arrange themselves along curved lines from one pole to another. A bar of 
steel may be bent into a curve like a horeshoe, the poles still remaining 
near the end, and the neutral line being still in the 
middle. A keeper is often added to the horseshoe magnet 
to close the circuit, as in fig. 116. 

270. Magnetic Needles. — A magnetised steel bar 
freely suspended at its centre, or freely balanced on a 
pivot at its centre, is called a magftetic needle. Such a 
magnetic needle assumes a position nearly parallel to 
the geological meridian, the line passing through a given 
place, and through the north and south geographical 
poles. In other words, one end of the needle points 
approximately to the north and the other end to the 
south ; and if the needle be turned in another direction, 
it will come back to this position. That end of a freely 
suspended magnetic needle which points to the north is Fio. 116. — Horse- 
called the North Pole, and the end which points to the 5^<^ Magnet and 
south is called the South Pole of the magnet. eepcr. 

271. Beciprocal Action of Poles. — If we place the north pole of a 
magnet near the north pole of a suspended magnet, the latter is repelled ; 
while if we place the north pole near the south pole, the latter is attracted. 





Fig. 117.— Attraction of Opposite Poles 

A similar experiment by presenting the south pole of a magnet to the sus- 
pended magnet leads us to the following law :— Like poles repely and unlike 
poles attract one another. 

If the similar poles of two equal magnets be brought together, the 
magnetism of the two will be neutralised, so as to have no effect. 

272. Magnetic Induction. — When a steel bar has been magnetised, it 
lins its magnetism for a considerable time, and is spoken of as 2, permanent 
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magnet. If a bar of soft iron be brought near or in contact with such a 
permanent magnet, it is also found to have become a magnet. 

The action in virtue of which a magnet is thus enabled to develop mag- 
netism in another body is called magnetic induction. Thus, if the magnet 
B have its north pole brought in contact with a piece of soft iron, it is 
seen that magnetism has been induced in the iron, the end of the soft iron 
touching the magnet having an unlike pole produced in it, the like pole 




Fig. ii8.— Magnetic Induction. 

being repelled to the other end. Other pieces may be attached to this 
until the supporting strength of the magnet is reached. Thus the magnet 
in fig. Ii8 is seen to have five such pieces attached. When the perma- 
nent magnet is withdrawn, the soft iron ceases to exhibit any attractive 
force, and returns to its neutral condition. Hence it is called a * temporary 
magnet.' 

273. Difference between Magnets and Magnetic Substances. — A 
magnetic substance is a substance which is attracted by a magnet. Iron, 
nickel, cobalt, platinum, oxygen, and several other substances suffer attrac- 
tion. Magnets are substances which possess the attractive property, and 
which have the property concentrated at the two poles. A magnetic sub- 
stance has no poles, and if presented successively to the two ends of a 
magnetic needle, it will be attracted by both ends equally. A magnet 
would be attracted at one end and repelled at the other. 

274. The Earth a Qreat Magnet. — As already pointed out, a freely 
suspended magnetic needle, or a needle balanced on a pivot, not only 
possesses the property of all iron, but also that of setting itself in a definite 
position — nearly north and south. This is due to the fact that the earth 
itself is a great magnet. Its poles and neutral line, however, do not 
coincide exactly with the geographical poles and equator. Like other 
magnets, the earth attracts the opposite poles of a magnetic needle, and 
causes the poles of this needle to lie in the direction of the line joining the 
magnetic poles of the earth. The north magnetic pole of the earth was 
discovered by Sir James Ross, and is situated in lat. 70° N., and in long. 96° 
43' W. The position of the south magnetic pole has not been found, though 
from certain calculations it is believed to be in lat. 75° 30', and in 154° E. 
long. If, instead of placing the needle on a pivot, we placed it on a cork in a 
vessel of water, it is found that the needle, after a few oscillations, comes 
into a position which is in the same direction as that which it had on the 
pivot. It does not move about, but only sets in a certain direction. Hence 
the earth's magnetism is simply directive, not translative. 

275. Declination. — The geographical meridian of a place is the ima- 
ginary vertical plane passing through this place and the two geographical 
poles. It is usually indicated by a line on the surface of the globe. The 
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magnetic meridian is the vertical plane passing through the two poles of a 

freely suspended magnetic needle, and which, b^ing produced in both 

directions, also passes through the magnetic poles of 

the earthi These two meridians do not coincide, and 

the angle which the direction of the needle makes with 

the ^geographical meridian is called the declination or 

variation of the magnetic needle. The declination is 

said to be east or west according as the north pole of the 

needle is to the east or west of the geographical meridian. 

Thus, in fig. 119, ab\% the direction of the magnetic 

meridian, and s n the direction of the geographical 

meridian. The angle formed between the two meridians 

at any place is the declination of the needle at that 

place. The declination varies at different places. At 

present it is to the west in Europe and Asia. 

It also varies at the same place in the course of time. 
This steady change in one direction for some years is 
called the secular variation of the needle. Thus, at 
London, it was found that — 

In A.D. 1580 the magnetic needle pointed 1 1° 15' E. of N. 
1657 „ „ ,, dueN. 

1818 „ „ ., 24038'W.ofN. 
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Fig. 119.- 
tion of 
Needle. 



■DecHna- 
Compass 



about 18° W. of N. 



There is also a small diurnal variation of the needle. This is greatest 
in summer and least in winter. 

Lines connecting those places on the earth's 
surface at which the declination or variation 
is the same are called isogonal lines (Gr. isos, 
equal ; gonia, an angle). 

276. Inclinatioii or Dip. — When a needle 
is supported on a vertical pivot so as to remain 
quite horizontal, it is found that on being 
magnetised it no longer remains horizontal, 
but at London the north end of the needle 
dips down and forms an angle of about 67° 30' 
with the horizontal plane. In order to see the 
dip accurately the needle must be placed in 
the magnetic meridian. The angle which a 
magnetic needle capable of vertical movement 
makes with the horizontal plane is called the 
inclination or dip, and a needle so poised is 
called a dipping needle. The dip varies in 
different parts of the world. On going north 
of London the dip increases ; on going south 
the dip diminishes. The magnetic equator of 
the earth, or neutral line, is the line connecting 
those places where there is no dip, and the 
magnetic poles of the earth are the places 
where the dipping needle is vertical. Lines F^^. laa-IncHnatwn Compass, 
connecting those places on the earth's surface ^^ ipping 

at which the magnetic dip or inclination is the same are called isoclinic 
lines (Gr. isos, equal ; klino, to incline). The dip undergoes changes in 
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the course of time. At London in 1800 it was 70° 35', but it has now 
decreased to 67° 37'. 

The force of the earth's magnetism is least at the magnetic equator, 
and increases as we approach the magnetic poles. If a horizontally sus- 
pended magnetic needle be moved from its position of rest, it will return 
to its former position after a number of oscillations. This number varies 
with the position of the place, and it has been proved that the force or 
intensity of the earth's magnetism at any two places is proportional to the 
square of the number of oscillations made by the same magnetic needle at 
these two places. The declination, the inclination, and the horizontal 
force at any place are called the * earth's magnetic elements ' at that place. 

277. Mariner's Compass. — An important application of the 
magnetic action of the earth is made in the mariner^ s compass. 
This is an instrument used to indicate the magnetic meridian, 

or the position of 
objects with resj>ect 
to that meridian. 
It consists of a 
magnetised bar of 
steel attached to a 
circular card which 
turns with it, and 
the circumference 
of which is divided 
into thirty-two 
parts, called points 
or rhumbs. The 
card is so fixed that 
the crown or fleur- 
de-lis is exactly over 

Fig. 121.— Needle and Card of Mariner's Compass. ^|^g north Or marked 

end of the needle. The needle and card are placed in a 
basin, and supported at the centre on an upright sharp-pointed 
pivot of steel which fits into an agate cap. In this way 
the needle and card are capable of moving horizontally in 
any direction with the least possible friction. The pivot rises 
from the centre of a glass-covered circular box, which is sus- 
pended so that it always retains a horizontal position notwith- 
standing the rolling of the ship. The compass is placed in a 
part of a ship called the binnacle, m sight of the helmsman. 
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Inside the compass box or bowl is placed a black line called 
the lubber line, in the direction of the ship's bow, and the 
helmsman has to keep the point of the card which marks out 
the ship's course in contact with this line. 

In a land compass the magnetic 
needle is so arranged that it moves 
in a case above a graduated card. 
Knowing the declination of the com- ; 
pass at any place, the traveller can -H 
determine the geographical meridian, "■' 
or nonh and south line, by turning 
the compass until the needle deviates 
from the line N S by a quantity 
equal to the declination. 

The notation of the compass is f >c- 12'.— Magram of 

_ „ Land Compass. 

as follows : — 

' The circumference being divided inlo ihe four quadrants by two 
diameters a( right angles, the exlremities of ihese diameters are the four 
cardinal poinls (cardo, a hinge), marked N., S., E., W. (north, south, 
east, west). Bisecting each of the quadrants, the several poinls of bisec- 
tion are denoted by placing the (wo letters at the extremities of the 
quadrant in juxtaposition. Thus N.E. (north-east) denotes the point 
which is halfway between north and east ; and so with N.W., S.E., S.W. 
(north-west, south-east, south-west). Let - _ 

the octants next be Hsccted ; the pcini, t^ -j. ^ ^. ^ y 

of division are denoted by prefixing to each 4; .(. ''j 'i-r-r-r-Si' 
of the above combinations, first the one, and i|.'^vV*\\\ ///V <.*■*' 
[hen the other, of the two cajrdinal poinls '^H-zOviW //vO?'<* 
of which it is formed. Thus N.E, " ""■ ^ ^^"-^ll"^^-^^-"- 
N.N.E. and E.N.E. {north .north -ea 
east-north-east) ; and so in respect of the fi>is\ 
other. Sixteen points have thus been uj?^ 
named. Let the distance beagain bisected, -■* 
then each of the points so found Is eiprcssett ^ 
by that one of the preceding points already 
named to which it is nearest, fblloweil by 
the name of the cardinal point towards: 
which its departure from Ihe nearest poinls 
leads it, the two being separatetl by the 
halfway between N. and N.N.E. is N. by 1 
is halfway between N.N.E. and N.E, ii 
north) ; &c. The whole of the thirty-two 
as in the figure.' 

278. Eleotricitji — 'Electi 
manifests itself mainly by attn 
and heating effects, by violent 
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and manji olher phenomena. Unlike eravicy, il is : 
but is evoked in Ihem by a variety of causes, amo 
pressuie, chemical action, heal, and magnetism.' — Ganol. 

279. Electrical Excitation.— When a glass tube is rubbed 
with a piece of silk, it acquires the power of attracting light 
^ ^ substances, such as little 
pieces of paper, feathers, 
and light pith-balls, and 
j^*\Jjj^^^^^. if brought near the face 

^^■^fl^^H^^^^ to a pecu- 

^I^Hj^^^^^P^B A rod of 

^^^H^^^^^^P sealing-wax or ebonite 

U ■ rubbed with flannel ex- 

7j ^ hibits similar properties. 

II If the rod be excited in 

F,r..,.,.l^;ci=.a..™c.=dbyaRubi«d ^l^^ dark, luminous ef- 
RodofGiau. fects may be observed. 

This peculiar attractive force has received the name of elec- 
tricity, from the Greek word electron, amber, as it was first 
excited by the rubbing of this substance. 

3S0. Two Kinds of Electrlettr. — 11 is found that aftei a substance 
has been in contact with the excited body, it is repelled by this same body. 
To show this we may hang a pith-ball by means of a silk thread to a con- 
venient support. On bringing an excited glass rod near this ball it is first 
attracted to the glass, but ailer toiu:hing it for a moment the glass then 
repels it. If we now bring near the pith-ball the rod of sealing-wax that 
h;^ been rubbed with flannel, the pith-ball is seen to be attracted. Light 
bodies, then, that are repelled by excited glass are altmcted by excited 
sealing-wax, and M« MWi(, and the glass and the w -. . , • 

'ectrica] states. The electricity produced \ 

led positive or vitreous electricity, and is 

e electricity produced by rubbing sealing-wax or ebonite with 
flannel is called negaiive at resinaus electricity, and is represented by the 
sign — . From the above experiment we learn that similarly electrified 
bodies repel otie another, and dissimilarly ekitrified bodies attract one 
anotAer. This may be compared with the mutual action of magnetic 
poles. The two kinds of electricity are excited by friction between many 
other sulstances than those mentioned above, when the bodies dlRer in 
qualities of structure and composition. These two sorts of electricity are 
:dways produced together and in equal quantities. Thus the silk with 
which the glass rod was rubbed will be found to possess the opposite kind 
of electricity to that produced in the glass. 

381. Condaetor* and Non-condneton. — When electricity has lieen 
produced, it is found to pass along some bodies, as the metals, very easily ; 
while in other cases, as glass and wax, it passes very slowly. 
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Those ^ubslances which allow the electricity to pass easily along are 
called (endttclofs, and those which hinder its passage are called non- 
conductors. 

If the pith-ball were hung by a wire, this would conduct away the 
electricity, and the ball would not lie repelled after contact. The 
following table gives a few of the bodies remarkable foi good or bad con- 
ducting powers ;■ — 

Conductor!, Non-eondiKtars. 

Uetols. ElKinite. 

CharcoaL Sealing-wax. 

Graphite. Amber. 

Adds. Caoutchouc- 

Saline solutions. Dry air. 

Damp ail. Sulphur. 

Flame. Glass. 

Moist bodies. Silk, 

282. XleetiieAl Indnetion. — If a iKxIy in a highly positive electric 
state be brought near a metallic conductor insulated upon a glass support, 
it will be found that the end nearest the electrified body is ne^ively 
electrified, while the other extremity is positively electrified. This is 
explained by saying that the positive electricity of the substance brought 
near the insulated conductor atiricts the negative electricity towards itself 




and repels the positive electricity. If we assume, as is sometimes done, 
two kinds of electric fluid, we may say that the positive electricity of the 
body brought near the insulated conductor decomposes the neutral fluid 
of the latter, attracting the negative fluid and repelling the positive fluid. 
On withdrawing the positively electrified body these two fluids recombine 
to form a neutr^ fluid, and the conductor is not then electrified. 

The action excited on a substance by an electrified body placed at a 
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distance is said to take place by influence or induction. If, while our con- 
ductor is under the influence of the positively electrified body brought near 
it, we touch it with the hand at the opposite end, the repelled positive 
electricity will escape to the earth through our body, and the insulated 
conductor will then remain charged with negative electricity, even after the 
exciting body is removed. 

283. Electrical Macbines. — An ordinary electrical machine consists of 
a circular glass plate which can be turned by means of a glass handle. This 
plate revolves between two sets of cushions or rubbers of leather. In front 
of the plate are two brass rods with a series of points opposite the glass, 
and these rods are fastened to two insulated metal cylinders, which are 
called the prime conductor of the machine. On turning the circular glass 
plate electrical separation takes place ; positive electricity appears on the 
glass, and negative electricity escapes through the rubbers to the earth. 
The positive electricity of the glass acts by induction on the neutral condi- 
tion of the prime conductor, attracting the negative electricity to the points, 
and repelling the positive electricity to the further end of the conductor. 
In this way the plate abstracts the negative electricity from the prime con- 
ductor, and leaves it charged with positive electricity. If the hand or some 
other conductor be now brought near the prime conductor of the electrical 
machine a snapping noise is heard, and a bright spark is seen. This dis- 
ruptive discharge, as it is called, is produced by the sudden union of the 
positive electricity of the machine and the negative electricity induced in 
the hand brought near. 

284. Atmospheric Electricity. — There is always a certain 
amount of electricity in the atmosphere, though the origin of 
it is not quite clear. By some it is believed to be produced 
chiefly by evaporation. Usually the electricity of the atmo- 
sphere is positive. When a cloud is charged with positive 
electricity and comes over a portion of the earth, there is 
electricity induced of a magnitude equal to the charge of 
the cloud. The stress thus produced may be so intense 'as 
to produce a flash of lightning, and the equal and opposite 
electricities will disappear. Lightning is therefore a disrup- 
tive discharge of electricity between two clouds charged with 
opposite kinds of electricity, or between a charged cloud and 
the earth. It is very probable that the aqueous vapour of the 
atmosphere serves as the carrier of this electricity. The flashes 
of lightning are often two or three miles in length, and usually 
proceed in a zigzag line owing to the resistance of the air. 
When a visible cloud forms from the minute spheres of vapour, 
the cloud gets denser and denser as thousands of spheres 
coalesce to form drops. Each of these has its own charge of 
electricity, and the tension of the droplets is greatly increased. 
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As the flash passes, the drops coalesce more easily, and this 
may account for the sudden fall of the large drops that so fre- 
quently follow a flash. 

'Several kinds of lightning flashes may be distinguished — i, the zigzag 
flashes^ which move with extreme velocity in the form of a line of fire with 
sharp outlines, and which closely resemble the spark of an electrical 
machine ; 2, the sheet flashes, which, instead of being linear, like the pre- 
ceding, fill the entire horizon without having any distinct shape. This 
kind, which is most frequent, appears to be produced in the cloud itself, 
and to illuminate the mass. 

* According to Kundt, the numbers of sheet discharges are to the zigzag 
discharges as 1 1 : 6 ; and from spectrum observations it would appear that 
the former are brush discharges between clouds, while the latter are true 
electrical discharges between the clouds and the earth. 

* Another kind, called heat lightning, is ascribed to distant lightning 
flashes which are below the horizon, but illuminate the higher strata of 
clouds, so that their brightness is visible at great distances : they produce 
no sound, probably in consequence of the fact of their being so far oft' that 
the rolling of thunder cannot reach the ear of the observer. There is, 
further, the very unusual phenomenon of globe lightning, or the flashes 
which appear in the form of globes of fire. These, which are sometimes 
visible for as much as ten seconds, descend from the clouds to the earth 
with Such slowness that the eye can follow them. They often rebound on 
reaching the ground ; at other times they burst and explode with a noise 
like that of the report of many cannon. No adequate explanation has been 
given of these. * — Ganot. 

285. Betnm Shook. — The sudden change of electrical condition brought 
about when a flash of lightning passes sometimes produces a violent shock 
even at a distance from the discharge. After a thunder-cloud has discharged 
its electricity by combination with that of the ground, the surrounding ob- 
jects that had been acted on inductively suddenly return from the electrical 
state to a neutral condition, and this abrupt readjustment may produce a 
, concussion which is known as the return shock. 

286. Thimder. — The peal of thunder which accompanies a 
flash of lightning is due to the sudden displacement of the air; 
and the reverberation of the peal or thunder-roll arises chiefly 
from the echoes produced by the reflection of the sound from 
objects on the earth, or from the clouds themselves. The 
lightning and the thunder occur practically at the same time, 
but an interval of some seconds is usually noticed between the 
two phenomena. This is due to the fact that sound travels 
only at the rate of 1,100 feet per second, while the passage of 
light is nearly instantaneous. If, therefore, the thunder is 
heard at an interval of six seconds, the thunder-cloud from 
which the lightning flash proceeded must be at a distance of 
Tjioo X 6 = 6,600 feet 

p 
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287. Current orTultKic Electricity.— The electricity of which we have 
spoken hitherto has heea produced either directly by friction or indirectly 
by induction. This kind of electricity is often called static electricity, 
because it remains on the surface, where it was developed. But elecuicity 
can be produced in other ways. It is found that when chemical action 
takes place electricity is produced. Thus when zinc is being dissolved in 
dilute sulphuric acid the metal becomes charged with n^ative electricity, 
and the liquid with positive electricity. If two 
plates of dissimilar metals, such as zinc and 
copper, be placed in a liquid which acts on one 
of them, a current of electricity will be found to 
circulate through a wire connecting the plates. 
The direction of the current in the connecting 
wire is regardedas pasungfrom the copper to the 
zinc, which is the direction in which the positive 
eleclricity appears to flow through the liquid in 
V the cell Such an arrangement of two metals in 
a conducting liquid is called a voltaic element or 
coufU. 

If the wire connecting the two plates of 
Fic, lift— A Voltaic Element, nietal be cut, positive electricity tends to accu- 
mulate at the end of the wire attached Co the copper plate, and negative elec- 
•-ricity at the end of the wire attached to the zinc plate. The ends of the 
wire or terminals are called the^wbj of the battery, A nunilier of voltaic 
elements or pairs arranged so that the zinc of one element is connected with 
the copper of another, the zinc of this last with the copper of another and 
so on, IS called a voltaic battery or galvanic battery. Much more powerful 
effects are produced by the current from a battery than by the current from 
a single element. 

388. Effsots of Cnnent Sleetrieity.^Wires conveying electricity pro- 
duce various effects, for the energy of electricity may be transformed into 
other kinds of energy. If the ends of the wire of a powerful voltaic battery 
be touched at the same time by the hands a shock is felt. If the poles of a 
battery be joined by a badly conducting substance like platinum or carbon, 
heat is produced, and with a powerful battery light also. Various binary 
compounds may be decomposed by the electric cunent. When the poles 
cf a voltaic battery are immersed in water, slightly acidulated with sul- 
phuric acid to increase its conducting power, it is decomposed into its con- 
stituent gases, oxj^en being given off at the positive pole where the current 
enters the liquid, and hydrogen at the negative pole (see par. 76). The 
decomposition of a chemical compound by electricity is called electrolysis 
(Gr, tun, I loosen). The electric current also exerts a peculiar influence 
over a magnetic needle suspended freely at its centre in a direction parallel 
to the wire. Such a needle tends to set itself at right angles to the wire — 
that is, to the direction of the current. Lastly, if a wire conveying an 
electric current be insulated by surrounding it with silk, and then wound 
round an iron bar, the latter becomes powerfully m^etic. A bar of iron 
converted into a magnet by the action of an electric current is called an 
ehclro-magnet. 

289. Anroraa. — Auroras, polar lights, or streamers are 
luminous phenomena often observed in the neighbourhood of 
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the terrestrial poles. They are most frequently seen in northern 
latitudes, where the light is known as the Aurora Boiealis or 
northern light. That seen in the Southern Hemisphere is some- 
fimescalled the Aurora Australis. There isevidence, however, to 
show that auroras are manifested in both North and South Hemi- 
spheres at the same time. The exact cause of these lights is not 
known. By some they are believed to be connected with the 
earth's magnetism, as the auroral corona always forms round the 
position of the magnetic pole. By others they are attributed 
to electric discharges which take place in the polar regions 




between the negative electricity of the atmosphere and the 
positive electricity of the earth. The appearance may be thus 
described, though it must be remembered that the forms of 
the aurora are very varied. Towards evening an indistinct 
light appears in the horizon in the direction of the magnetic 
meridian, and this spreads east and west so as to form an arc, 
with its convex border upwards. Streamers of light then 
appear and converge towards a point in the sky which is in the 
direction of the line formed by a prolongation of the dipping 
needle. The colour of the streaming rays varies, so as some- 
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times to produce the appearance of a vast tent expanded in the 
heavens, the base being red, the middle part green, and the 
remainder yellow. After some hours the brightness gets less, 
the colours disappear, and the light vanishes. The varieties of 
coloured light exhibited by the aurora can be imitated im- 
perfectly by the discharge of electric currents through vessels 
partially exhausted of air. 

The altitude of the aurora varies considerably. Sometimes it takes 
place at low elevations, but the average height has been estimated at 130 
miles. The displays are most frequent in spring and autumn, and least 
frequent in summer. They may be seen at times as far south as England. 

A remarkable connection has been observed between the aurora and 
the magnetism of the earth, for the magnetic needle is generally disturbed 
during a display of the aurora. Sudden and great disturbances of the magnetic 
needle are spoken of as magnetic storms. On November 17 and 18, 1882, a 
severe magnetic storm passed over the earth, and greatly disturbed tele- 
graphic communication. It was accompanied by a brilliant aurora, and at 
the same time there were several dark spots forming in the sun. These 
sun-spots are an indication of outbursts of solaT heat. In some places the 
declination of the magnetic needle varied 1° 81', and the dip half a degree. 
The occurrence of the aurora has thus been associated with sun-spots, 
magnetic storms, and earth -currents. The periods of maximum frequency 
of these phenomena are at intervals of ii'ii years, and the periods of 
minimum frequency are about the middle of these intervals. 



CHAPTER XVI. 

THE SHAPE AND MOVEMENTS OF THE EARTH. 

290. The Measurement of Angles. — Euclid gives the 
following definition of a right angle : — * When a straight line 
standing on another straight line makes the adjacent angles 
equal to one another, each of the angles is called a right angle, 
and the straight line which stands on the other is called a per- 
pendicular to it.' We find it convenient for the purposes of 
angular measurement to divide the right angle into smaller 
parts. Each right angle is accordingly divided into 90 equal 
parts, and each of these parts is called a degree. Each degree 
is again divided into 60 equal parts, one of these parts being 
termed a minute ; and if a minute be subdivided into 60 equal 
parts, each of these parts is termed a second. Symbols are used 
to denote these terms : thus 28° 19' 47'' signifies 28 degrees 
19 minutes 47 seconds. There are four right angles in every 
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Fig. 128.— Graduated Circle. 



complete circle ; and so for the convenience of measuring 

angles we can divide the circumference of a circle into 360 

divisions, each of which is called a 

degree. Such a divided circle is called 

2i graduated circle^ and the angle whose 

measurement is so many degrees is 

the angle included between two 

straight lines drawn from the centre 

of the circle to the two marks on 

the circumference which include the 

proper number of divisions or degrees. 

It should be noted that a degree is an 

angle, and not an arc of a circle, though the arcs on a divided 

circle are often taken as the measure of the number of 

degrees. 

For astronomical purposes the divisions are made to a much 
greater extent than on an ordinary graduated circle. An in- 
strument called a * meridian circle ' may have its consecutive 
divisions only two minutes apart, so that the circumference 
contains 360x30=10,800 divisions. The divisions are then 
read by means of microscopes. By certain mechanical con- 
trivances astronomers are then able * to read off,' as it is called, 
from these divisions to even the tenth part of a second. 

291. The Use of Angular Measurement. — In astronomy 
angular measurement is a very convenient method of indicating 
the position of the heavenly bodies. Thus from any point on 
the horizon to the point called the zenith, vertically overhead, is 
90°, and from horizon through zenith to horizon again is a 
semicircle, or 180°. Hence we can indicate the height of a 
body above the horizon by the number of degrees which gives 
the measure of the angle between the lines drawn from the 
observer, one to the body, the other to the point of the horizon 
nearest that body. This angle is called the altitude of the star. 

But it is evident that all stars in the same horizontal circle 
are at the same altitude. Thus if Z H K represent the visible 
hemisphere of the heavens, Z being the zenith, H K the circle 
of the horizon, O the observer, all stars on the horizontal circle 
A B will have the same altitttd&L jji^hiHMlMiyUL. But 





214 Elementary Physiography 

suppose S is the star whose exact position is required. Draw a 
quadrant of a circle from Z through S to meet the horizon in 

2 N. Suppose H is the 

southern point of the 
^ >- / -v g horizon. If we first 

know the angle H O N, 
or the arc HN, and 
then the altitude N O S, 
or the arc N S, we have 
'o JK completely fixed the 

position of the star. 
N The first angle is call- 

^^" ^^^' ed the azimuth, and is 

measured from the southern point eastward or westward. 
When we know the altitude and the azimuth we know the exact 
position of the star in the heavens. These angles are indicated 
by degrees, minutes, and seconds. This shows how use can be 
made of angular measurement. 

292. Measurement of Time. — Round the equator of the 
earth, which is a circle, there are 360 degrees. We shall find 
later on that the earth rotates so that the sun reaches its highest 
point in the heavens once every day^ When the sun is at this 
highest point it is noon, and the period of time from one noon 
to the next noon is called a solar day. Now the length of time 
from noon to noon is not always the same, varying a little at 
different parts of the year. But we can take the average of 
these different days, and we call that average the mean solar day. 
It is used as the unit in all ordinary civil reckoning. 

We divide the day into 24 hours, and each hour into 60 
minutes, and each minute into 60 seconds. Now the earth turns 
round completely, i.e. through 360 degrees, in 24 hours, or 
through I degree in 4 minutes. 

Of course we do not actually measure the flight of time by 
the rotation of the earth, though we see how our unit of time, 
viz. the day, comes to depend on this rotation. We measure it 
by means of a. clock, the pointers of which indicate the hours 
of the day, and which is so regulated that an hour marked by 
it is a twenty-fourth part of the mean solar day. 
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A clock consists of a means for counting the number of 
swings or oscillations of a pendulum, and an arrangement for 
keeping up those oscillations. 

The pendulum consists of a heavy weight C, attached by a 
string or wire to a fixed point B. The wire hangs motionless 
in a vertical line until the weight is 
pulled out to A ; on releasing it, it 
will swing past its former position to 
A', and back again. The arc of the 
swing will gradually diminish, owing to 
the resistance of the air, unless some 
means are taken to give the pendulum 
additional pushes at intervals. 

The important principles of the 
pendulum are — 

(i) The time of oscillation is the ^ 

same with the same length of wire, even ^^^- '3°- -^^"^"1"°^- 
when the arc of the swing is made to vary in length. 

(2) The time of oscillation is the same with the same 
length of wire, whatever weight be attached. 

(3) The time of oscillation only depends on the length of 
the wire ; the longer the wire is, the longer is the time of oscil- 
lation. It is found that a pendulum the length of which is 
39*14 inches from the point of suspension to the middle of the 
weight, or * bob,' will swing from left to right in one mean solar 
second, and back again from right to left in another second. 

The pendulum thus serves as an accurate method of 
measuring time. For convenience the oscillations of a pendu- 
lum are made to regulate the movements of the wheels and 
pointers of a clock. The clock consists of a series of cog- 
wheels and two pointers, which are made to movie round by 
the descent of a heavy weight. The pendulum locks one of 
these wheels at each oscillation, and prevents them moving too 
fast. At the same time this wheel gives the pendulum those 
small pushes which we said were necessary to keep up its os- 
cillations. Thus there is a compensation : the pendulum keeps 
the wheels and weights moving uniformly, and the weight keeps 
up the oscillations of the pendulum. The series of cog-wheels 
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and the two pointers are only a convenient way of indicating 
the number of oscillations, and thus showing the flight of time. 
The annexed figure and description from Ganot's 'Physics' 
will assist the pupil to understand the above remarks. 



ft, which oscillates on a horiiontal axis o. To this 
axis is lixed a piece m », called an escafiement or 
, crutch, terminated by two projections or ^/ft/j, which 
^\ work alteinaiely with the teeth of the escajtmmt wheel 
J^r R. This wheel being acted on by the weight lends 
to move continuously, let us say, in the direction in- 
dicated by the arrow-head. Now, if the pendulum 
is at rest, the wheel is held at rest by the pallet m, 
and with it the whole of the clockwork and the weight. 
If, however, the pendulum moves and takes the posi- 
tion shown by the dotted line, m is raised, the wheel 
escapes from the confinement in which it was held by 
the pallet, the weight descends, and causes the wheel 
to turn until its motion is arrested by the other pallet 
» ; which, in consequence of the motion of the pendu- 
lum, will be brought into contact with another tooth 
of the escapement wheel. In this manner the descent 
of the weight is alternately permitted and arrested, 
or, in a. word, regulated by the pendulum. By means 
of a proper train of wbeelwork the motion of the 
escap(:ment is communicated to the hands of the 
clock ; consequently theii motion aim is legulated by 
f_m\ ^ the pendulum.' 

ijB^d j In some clocks, and in watches, a spring called 

^r^^m I the main-spring replaces the weight, and a contrivance 

^9^:-' called the balance-wheel replaces the pendulum. 

A 293. The Snndial, — There is another method of 

Ftg, 111. measuring time in common use — that by means of a 

sundial. The essential part of a sundial is a lod on 
the edge of a piece of metal called a style, which is placed parallel 10 the 
earth's axis, and casts a shadow on the plate called the dial. The plate 
is marked out with the different houis of the day, and the 
' shadow cast by the sun passing over it, as the sun moves 
' through the sky, indicates the time of day. As the sun 
n the east, the shadow falls to the west : as the 
morning progresses, the sun moves to the south, and the 
T shadow to tl^e north.' till at noon it is due north, and 
n the mark indicating XII. In the afternoon the 
shadow passes eastward. The figure shows the usual 
fonn of a horizontal sundial. This indication of time 
Fic. ija. depending on the motion of the sun will not necessarily 
agree with the indication h^a clock ; for we have pointed out that the true 
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solar day, or length of time from noon to noon by the sun, is not of con- 
stant length at all periods of the year. In fact, the sundial indicates * true 
solar time,' the clock indicates * mean solar time.' 

294. Size and Shape of the Earth. — Before discussing the 
movements of the earth it will be well to consider the size and 
shape of the earth. The earth is a sphere, or very nearly so. 
That it is not flat is shown by watching a ship on the surface of 
the sea, which, in saihng away from the land, disappears as it 
were behind a hill of water, first the hull sinking out of sight. 




Fig. 133. 

then the sails, and lastly the very tops of the masts. A further 
proof that it is not flat is shown by arranging three posts along 
a level piece of water. The three posts A, B, C, are of the 
same height above the surface of the water. On looking with 
a telescope so as to see the tops of the posts A and C, the top 
of the post B will be above the line of sight. 




X "J- 



B 



Fig. 134. — Showing how the roundness of the earth can be proved by means of three 

boats on a large sheet of water. 

That the earth is a sphere is proved by the fact that the 
horizon, which includes the whole of the earth visible at any one 
spot, is always a circle wherever the observer may be, and this 
circle grows larger the higher from the ground the observer may 
be. A sphere is the only surface which has this property. [This 
horizon seen from some points may be broken by mountains, 
and hence not be a circle, but at all spots surrounded by level 
ground, or by the sea, it is a circle.] 

Furthermore the shadow of the earth cast by the sun on 
the moon in an eclipse is always round, and again a sphere is 
the only body which has such a property. 

The fact that it has often been sailed round proves this, 
and proves also that the earth is of limited size. As before 
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remarked, however, it is not quite a perfect sphere, but an 
ellipsoid or oblate spheroid, being somewhat flattened about the 
poles and having a bulging about the equator (see par. 263). 

It is about 8,000 miles through the centre, i.e. in diameter, 
and about 25,000 miles round, it. in circumference. More 
exactly, the polar diameter is 7899'2 miles, and its equatorial 
diameter 7925-6 miles The equatorial diameter thus exceeds 
the polar diameter by about 26^ m les (see par 18) 

295 Latitude and Longitncls To nd c: 
on he ea h we magine circes d a»n o e 




circles on a globe which represents Ihe earlh. The axis of the enrlh is Ihe 
imi^naiy line about which we shall find that the earth seems to rotate, 
The points where Ibis anis cuts the surface are called the north and south 
pell!. All places equally distant from the two poles are on a great circle 
called the equator. Smaller circles drawn on the globe parallel 10 ihe 
equator are called parallels of latitude ; and these are drawn on Ixith sides 
of Ihe equator, being smaller the nearer they are to the poles. They are 
drawn at equal intervals, and, as on thequadrant ofa circle from the equator 
to the pole there are 90 degrees, these circles are marked off in degrees, the 
equator being 0°, the next circle being called 10° north latitude, or south lali- 
Inde, as the case may be, the next 20", and so on ; the last circle being really 
a point at Ihe pole itself, 90 degrees from the equator. Of course we might 
■" " e circles than are here indicaled, as tbe intervals might be I degree 
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or 5 degrees instead of 10 degrees. All places on the same circle have the 
same latitude. 

Other circles are drawn, all of the same size, and all passing through 
both poles, cutting the equator and all parallels of latitude at right angles. 
The intervals between these circles are equal at the equator, and are also 
equal when they cut the parallels of latitude, but the intervals in the latter 
case are smaller than in the former, as the equatorial circle is larger than 
any of the other circles of latitude. These new circles are called circles of 
longitude or meridians (L. meridies^ mid-day), because when any of these 
lines is opposite to the sun, it is mid -day or twelve o'clock at all places 
situated on that meridian on the same side of the globe. They are indicated 
by degrees ; and as there are 360 degrees round the equator, we start from 
one of the circles of longitude and reckon 180 degrees each way, that is 
eastward and westward, till we come to the point opposite to that from 
which we started. 

In England we reckon as the first meridian, or 0°, the circle of longi- 
tude which passes through Greenwich, and count the longitude eastward 
and westward from that starting-point. In other countries other first 
meridians are sometimes taken, though there is now an almost general agree- 
ment to adopt that of Greenwich. If, then, we are given the latitude and 
longitude of a place on the earth, we can easily indicate its position on a sphere. 

The degrees of latitude as seen on many maps are drawn at equal inter- 
vals, though this is not absolutely correct owing to the slight flattening at 
the poles. Hence a degree of latitude may be taken as equal to about 69 
miles ; for 24,858 miles (the mean circumference) divided by 360 is equal 
to 69 nearly. The lines of longitude, however, vary in their distance from 
one another, approaching towards the poles where they meet in a point. 
Hence a degree of longitude is about 69 miles at the equator only, its length 
becoming less and less as we get nearer the poles. Thus at London, 51^° 
N. lat., a degree of longitude is only equal to about 42 miles. 

We shall presently prove that the phenomena of day and night are the 
result of the rotation of the earth on its axis. It will thus be plain that 
places not in the same longitude will not have their noon at the same time. 
The earth turns completely round, i.e, through 360 degrees, in 24 hours, and 
therefore through 15 degrees in i hour, or through i degree in 4 minutes. 
Hence a place 10 degrees east of Greenwich has its noon 40 minutes before 
Greenwich, while at a place 10 degrees west of Greenwich it is 11.20 a.m. 
when it is noon at Greenwich. The pupil will thus see how to find the 
time of the day at any place in the world corresponding to any particular 
time at another place, having given the longitude of the two places. It is 
also worthy of note, that as the mean circumference of the earth is 24,858 
miles, and as it rotates on its axis once in every twenty-four hours, every 
place on the equator must be carried round at a rate of more than a thousand 
miles an hour. As we remove from the equator the circles of latitude become 
smaller, and their rate of motion proportionally less. Thus at the 60th 
parallel the rate is only five hundred miles an hour, while at the poles the 
motion ceases altogether. 

The reader will notice the resemblance between the method of so divid- 
ing the sphere into circles, and that of indicating the position of a star by 
its altitude and azimuth ; altitude corresponding to latitude, azimuth corre- 
sponding to longitude. 

296. Daily Changes in Appearances of the Sun. — Rotation 
of the Earth. — The earth we now know is a large globe. We 
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have to consider the relation it has with outside bodies like 
the sun, moon, and stars. If we look at any of these bodies, 
say the sun, we see it rise in the east, get higher and higher in 
the heavens, then decline again, and finally sink in the west, 
only to reappear next morning in the east, and go through the 
same changes again. In fact, it seems to have gone com- 
pletely round us, taking a whole day for the journey. So we 
see the moon and the stars rise and set, and they also appear 
to travel round us. On a first examination, then, we should 
say that these external bodies all perform a daily revolution 
round us, all traveUing at the same rate. 

But let us consider what happens when we are in motion 
in a railway train, or on a steamboat If we look out of the 
window, the trees, telegraph poles, and all bodies external to 
the train, which we know to be stationary, appear to be in 
rapid motion in a direction contrary to our motion. The 
deception is greater if the train or steamboat moves very 
smoothly, without any jerks or jolting. Indeed, with a very 
smooth motion we might think that we are stationary, and all 
outside objects are moving rapidly past us ; but on closer in- 
vestigation we should really find that outside objects were 
stationary, while we were moving rapidly in an opposite direc- 
tion to that in which we thought the objects were moving. 

Now let us apply this, on a larger scale, to the whole earth 
and bodies external to it. The daily motions of sun, moon, 
and stars are explainable by supposing that we and the earth 
on which we stand are stationary, while those bodies move uni- 
formly round us. But these apparent motions are equally ex- 
plainable by supposing that these bodies are fixed in different 
positions round the earth, and the earth rotates round in a 
direction opposite to that in which they seem to move, ue. 
the earth must turn from west to east, for they seem to move 
from east to west. This rotation of the earth would account 
for the rising m succession of the sun, moon, and the different 
stars, which follow one another to the west, and disappear, 
only to reappear in the same manner on the succeeding day. 
Everything on the earth moves with it, and moves smoothly, 
and thus the motion is not evident to our senses. Are we, 
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then, to suppose that these heavenly bodies move round the 
earth, or that the earth rotating itself gives them an apparent 
motion ? We have very good reasons for supposing that it is 
the earth which rotates, and thus gives us the daily rising and 
setting of these external bodies. These reasons are — 

(i.) All of these bodies are very distant from the earth, the stars 
especially being very far distant, so that they would have to move at an 
immensely rapid pace to get round the earth in one day, as they seem to 
do ; while, on the contrary, it would be at a comparatively slow pace 
that the earth would have to move round on its own axis so as to make 
one complete turn in the single day. The external bodies are then con- 
sidered to be stationary. It seems more reasonable that the earth turns 
thus slowly than that they move at such an immense pace. 

(ii. ) All these external bodies appear to move round us in exactly the 
same time — one day, or twenty-four hours. If we consider how they are 
scattered over all the different parts of the heavens, and at different 
distances from the earth, we should not expect all to move round us in the 
same time, unless indeed they were connected by some means, such as rods 
and bars, with one another. We see no signs of any such connections, 
however, between these different bodies. If we suppose that the earth 
rotates whilst they are stationary, then at once we see that they will appear 
to move in a direction opposite to that in which the earth rotates, and that 
they will appear to follow one another at a uniform rate, and will accom- 
plish the journey in exactly the same time, viz. one day, which is the time 
the earth takes to perform one rotation, so that there is no need of any 
connecting rod. 

(iii.) We find on careful measurement that the earth is not exactly a 
sphere, but that it is slightly flattened at the poles and bulges somewhat 
at the equator. Thus a straight line through its centre from pole to pole 
is about 26 miles shorter than a straight line through its centre at right angles 
to the first straight line. Geologists tell us that the earth was once soft and 
plastic, and if this were so, it has been calculated that a rotation about its 
axis would have caused it to assume the shape which it has now. Thus 
a rotation of the earth about its own axis will explain its present shape. 

(iv. ) If we observe those external bodies called the planets, we find by 
means of our telescopes that each of them is a globe revolving around its 
own axis. Hence it seems very probable that the earth, which is a similar 
globe, will also revolve about its own axis. 

The above are only reasons for believing that the earth rotates about 
its axis, but there are other evidences which amount to actual proofs. 

\st Proof, — The top of a tower is farther from the axis of the earth 
than the bottom is, and hence in one rotation of the earth moves through 
a greater distance than the bottom does. Thus in fig. 136, where T B 
is supposed to represent the tower, it is evident that in a revolution 
the top T will describe a larger circle than the base B, and so travel a 
greater distance. Now as the top completes its revolution in the same 
time as the bottom, it is evident that it must move faster than the bottom. 
We suppose that the earth rotates from west to east, and, if this be so, the 
top of the tower moves eastwards faster than the bottom does. Thus if a 
stone be dropped from the top of a vertical tower it starts with an east- 
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Fig. 136. 



ward velocity greater than that of the bottom of the tower, and as in its fall 
it preserves its greater velocity it should fall a little to the east of the bottom. 

This experiment was performed at Hamburg from 
the height of 250 feet, and the deviation was 
found to be '35 inch to the east. Hence we con- 
clude that there must be a revolution of the 
earth from west to east. Let C (fig. 136) be the 
centre of the earth, T the place from which the 
body is let fall, T B the vertical line in direction 
of the centre. When the body reaches the earth, 
let / ^ be the position of the vertical line in con- 
sequence of the earth's motion in the interval. 
Take B /= T /, and / will be the place of the 
body, because the body, leaving the top of the 
vertical with a motion equal to the motion of the 
top, is, at the end of its fall, as far from the first 
position of the bottom of the vertical as the top of the vertical itself is from 
its first position. But B b is. less than T /, and therefore than By^ in the 
proportion of C B to C T ; consequently /" is to the eastward of b. This is 
on the supposition that the place is at the earth's equator, and it may 
suffice for an illustration. 

2nd Proof . — We take a long thread, fixing one end to the ceiling of a 
room or other convenient point of attachment, and fastening a heavy 
weight to the other we form a pendulum. The string remains at first in a 
vertical direction. Now place a table under it and draw the weight 
towards you, and then let it go, so that it swings backwards and forwards 

through its former position. Care has to be 
taken at starting not to pull the weight side- 
ways, or it will not swing back through its 
former position. 

On the table mark the farthest position to 
which the weight swings at each end of its 
journey. We shall find that our marks on 
the table are slowly and regularly going round 
in the same direction as the hands of a watch. 
Hence the table must be moving, and there- 
fore the earth is also moving. For it is easier 
for the thread or wire which supports the 
pendulum to twist than for the heavy weight 
to alter its course of swing. 
^ The figure shows how this experiment 
-^ may be carried out. B is the point of sus- 
pension ot the pendulum, which hangs verti- 
cally over the point where the two lines 
m-n^ U'V cross on the table. The pendulum 
is drawn out along the line m-n to the point 
A, and then let go, swinging backwards 
along the line n-m. It continues its oscilla- 
F^G. 137. tion backwards and forwards, but if watched 

it will be found that the direction of its oscillation is twisting round from 
the position m to v — in fact, twisting round in the direction of the hands 
of a watch in the Northern Hemisphere, and in the opposite direction in 
the Southern Hemisphere. If the oscillation is kept up for some hours the 
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plane of rotation may have gone completely round the circle. But pendu- 
lums will not swing for so long a time, though even in the time during 
which a carefully constructed long pendulum will swing the change of angle 
is conspicuous. 

The full reasons for all this are too long to be given here, but it can be 
shown, as already stated, that it is not the pendulum which changes, but 
that it is the table, and that this change is a direct consequence of the rota- 
tion of the earth. Therefore this experiment also proves the rotation. 

yd Proof,— K g)n:oscope consists of a heavy disk which has an axis 
passing at right angles through its centre, and by a mechanical contri- 
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vance the axis can easily turn in all directions. The figure shows one 
form of gyroscope. A B is the heavy disk rotating about the axis C D, 
the axis being supported by a rim of metal, which again can turn round 
the axis E F, this last axis being supported by another rim of metal, which 
can turn round as it hangs by the string H G. Therefore the axis C D is 
free to turn in all directions. The disk is set spinning very rapidly, and 
will continue to spin for a long time. It can be proved that the axis vvdll 
always point in one direction when the disk so spins. Imagine, then, the 
disk spinning, and the axis pointed to any star. If the star moves round 
the earth the axis will soon point away from the star, and will keep the 
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same position with regard to the bodies on the earth. But if the star is 
motionless and the earth rotates, the axis will still point to the star, fol- 
lowing it, as it were, and thus of course pointing in different directions with 
regard to surrounding objects on the earth. We find the latter happens ; 
the axis points continually to the star, and therefore the earth rotates. 

Thus we have sufficiently proved that the earth rotates once in a day 
of twenty-four hours on its axis, and by the rotation gives us the daily 
risings and settings of the sun, moon, and stars ; in fact, making the 
whole heavens appear as a sphere revolving about an imaginary axis, 
which is the axis of the earth produced outwards from the earth to the 
sphere of the heavens. This sphere which seems to surround the earth, and 
rotate around it as if on an axis, is sometimes called the celestial sphere. 

297. Yearly Ghangfes in the Appearance of the Sun. — Revolution of 
the Earth. — Let us consider another peculiar motion of the sun. If we 
observe, for many nights in succession, the stars which first appear on the 
horizon in the west after sunset, we shall find them to be slowly and con- 
tinually changed. Those stars which we first saw on the horizon after 
sunset will be found to have set before the sun, and other stars will be on 
the horizon which formerly appeared higher up in the heavens. If we ob- 
serve the east also we shall find that those stars which we saw first on the 
horizon at the beginning of our observations are higher in the heavens 
when they have become visible after sunset. The longer we continue our 
observations the higher will the last-mentioned stars appear, and in the 
course of some months the first-mentioned stars, which have set in the west 
before sunset, will reappear in the east after sunset. These effects can be 
explained by supposing that the sun has a motion from west to east round 
the heavens, passing over the stars. This motion is quite independent of 
the daily motions which affect the sun and stars alike. It is a slow motion 
— in fact, we should have to watch a whole year to see one revolution com- 
pleted. Thus we have an apparent motion of the sun round the heavens 
in one year's time. However, we remember that there was an apparent 
daily motion of the sun round the earth from east to west, which was found 
to be not a motion of the sun, but a daily revolution of the earth from west 
to east, which gave an apparent motion to the sun in the opposite direction, 
viz. from east to west. Is this yearly motion of the sun real, or only an 
apparent motion of the sun due to some rotation of the earth ? To answer 
this we must see if there is any possible motion of the earth which would 
give us such an apparent yearly motion for the sun. We remember that it 
has a daily revolution on its axis from west to east, which made the sun 
seem to revolve daily from east to west ; it could not have also a yearly 
revolution on its axis which could give this fresh yearly motion to the sun. 
But instead of the sun moving round the earth in a year, the earth could 
move round the sun in a year. We must see if this supposed motion of 
the earth would explain the apparent motion of the sun. But we must 
remember that it is a yearly motion, quite independent of the daily revolu- 
tion of the earth, and for the present we may leave out of consideration 
this daily motion. We will first take the supposition that the sun moves 
round the earth from west to east amongst the stars. 

Let S represent one position of the sun, E the position of the earth, 
A, B, C, D, stars beyond and behind the sun. (These stars would not 
be visible in the sunlight, but we know they must be there, for we can 
see them at another part of the year when the sun is not in that part of 
the sky.) 
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When the sun is at S it appears in front of the star we call C ; in 
a few days it seems to move eastward to S', when it is in front of the 
star D, and then seems to continue in 
its eastward motion till finally in a year's 
time it has come round to the position S 
again. But this apparent motion of the 
sun is equally explained by supposing the 
sun fixed at S, and the earth to move 
from E in the opposite direction — i.e, 
westward. * Thus when the earth is at E, 
the sun now supposed fixed at S appears 
in front of the star C ; when the earth has 
moved to E', the sun at S appears in front 
of the star D ; and as the earth moves 
gradually westward from E to E', the sun 
will appear to move eastward, passing 
from its position in front of the star C till 
it appears in front of the star D. Thus a 
real motion of the earth westwards gives 
an apparent motion to the sun eastwards. 
If the earth complete its journey round 
the sun in one year, the sun will appear 
to move round the heavens in a year 
also. 

Therefore we see that the apparent 
yearly motion of the sun round the 
heavens can be explained either by sup- 
posing the earth moves round the sun, 
or the sun round the earth. We have to 
decide which is the correct supposition. 

From our experiences of the train, 
and conclusion with regard to the daily re- 
volution of the earth, we know that if the 
earth and all it contains move smoothly, 
then our sensations will not tell us that 
we are in motion. Thus the earth may 
be moving round the sun although we 
do not feel the motion. For this mo- 
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tion we shall, as before, give as evidence both reasons and actual proofs. 

298. Beasons for believing the Earth revolves — ; 

(L) We find out that the sun is more than a million tunes as 
large as the earth, so it would seem more reasonable that the 
small earth should move round the large sun than that the 
sun should move round the earth. 

(ii.) We have once before mentioned the planets. These 

* Westward — i.e. from left to right, when we consider the motion from 
the earth, and looking towards the sun ; but looking from the sun at the 
earth it would appear to move from right to left — i.e. eastward, rouqd the 
sun. In the text we continue to speak of it as a westward motion 

Q 



226 Elementary Physiography 

are bodies which appear to the eye like stars, but which on 
being closely watched for long periods seem to wander amongst 
the rest of the stars in peculiar ways, sometimes advancing, at 
other times receding, and at other times remaining stationary. 
There are five such planets visible to the naked eye, and more 
visible to the telescope. Through the telescope, two of those 
five are particularly noticeable for presenting phases like the 
moon ; and these two, moreover, at rare intervals have been seen 
to pass as black dots across the sun. All these peculiarities of 
motion and of phases can be easily explained by supposing that 
these planets revolve round the sun at different distances and in 
different periods, and that the earth is only another planet, also 
revolving round the sun at its own distance and in its own 
period. No other theory will sufficiently explain all these 
appearances of the planets, therefore it seems likely that this 
revolution of the earth round the sun is the true theory. 

299. Proofs of the Bevolution of fhe Earfh. — We cannot, 
as we did before for the daily rotation, find direct proofs on the 
earth itself for the yearly revolution round the sun; we must look 
to outside bodies. In one of the following proofs the question 
of the velocity of light occurs ; hence we premise the statement 
that the velocity can be measured by instrumental means on the 
earth itself, and is found to be about 186,000 miles per second. 

Proof I. Alferration of light, — Let us suppose that 
? ^ we want a drop of water to fall down a tube without 

I wetting its side. If the tube is at rest, we hold it verti- 

I cally in the direction X S. If the tube is moving it 

must be held slanting, so that the drop falls in at the 
top when the tube is at A B, and falls down to A while 
the tube has moved forwards to X Y. The faster the 
tube moves the more must we slant it in order that 
the drop may fall down. So it is with the light from a 
star. If we were motionless we must point our telescope 
directly at the star, but if we were moving we must slant 
our telescope so that the ray of light may proceed down 
it. We find that this slanting of the telescope varies 
throughout the year, and that the star appears to revolve 
in a circular motion round what we know is its true 
position. This apparent revolution of the star must be 
caused by a revolution of the earth. 

Moreover, the amount of slanting tells us the velocity 
of light compared to the velocity of the earth. We know the velocity of 
the light, therefore we deduce the velocity of the earth. 
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Proof I/,— Th^ law of gravitation, as first discovered by Newton, tells 
us that every particle of matter attracts every other particle with a force 
which varies directly as the product of the masses of the two particles, and 
inversely as the square of the distance between them. Applying this law 
to the sun and the earth, Newton proved that the earth would rotate round 
the sun ; the distance from the sun would be that which has actually been 
found ; the velocity of the motion would be that we found in Proof I. ; and 
the time for one revolution would be one year. This, then, must be con- 
sidered another proof, that theory should so perfectly agree with observa- 
tions. 

300. The Earth's Orbit.— The earth's orbit, as we have said, is its path 
round the sun. This path is in one plane, and is very nearly, but not ex- 
actly, a circle. It is strictly an ellipse. 
An ellipse can be thus described. 
Two pins s and / are stuck in a 
piece of paper, and a loop of cotton 
put over them. This loop is tight- 
ened by a pencil at P, and keeping 
the loop tight, the pencil on moving . , 
round the pins will describe the"^' 
ellipse P P' at A B. s and y are 
called ih&foci of the ellipse. In the 
case of the earth's orbit the foci are 
comparatively close together, and 
hence this ellipse looks almost like a 

circle. The sun occupies one of ^ ,,, . , ^ , 

these foci, and thus the earth is not ^'^- '♦'"^^''ifJSk^out'; ^^ ^^"^ 
always at the same distance from the 

sun. At the shortest distance the earth is said to be in perihelion 
(near the sun) ; at the furthest distance it is in aphelion (away from the 
sun). These positions of the earth occur respectively on January i and 
on July I. See fig. 156. 

Three things must be noticed about the earth's orbit : — 

(i) It is in one plane. 

(2) It is an ellipse, with the sun at one of the foci. 

(3) The earth's velocity in its orbit is not constant, but varies. 

This variation of the velocity is such that if a straight line be always 
drawn from the centre of the sun to the centre of the earth, and be carried 
round by the earth in its revolution, it will sweep over equal areas in equal 
intervals of time. Thus, in the figure, S represents the sun, and the ellipse 
represents the earth's orbit. The equal 
areas A S B, P S Q, are swept over in the 
same interval of time. Clearly, when the 
earth is nearer the sun the curved base of 
the equal area is greater than the curved 
base when the earSi is further off. Thus 
P Q is greater than A B ; therefore the 
earth must be moving more rapidly over 
the portion P Q than over the portion A B. 
Thus the velocity of the earth is greatest 
when nearest the sun — i.e, at perihelion ; is least when furthest from the 
sun — i,e. at aphelion ; and varies from one limit to the other at intermediate 
positions. 




Fig. 143. 
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It will be remembered that the sun, in consequence of the earth's 
revolution round it, seems to move eastward amongst the stars, and as we 
now see the earth's motion is not exactly uniform, neither will this apparent 
motion of the sun be uniform. A star comes to its highest point in the 
heavens at exactly the same interval each day, but the sun moving back- 
wards or eastwards takes a longer interval than the star does, and as this 
backward motion is not uniform, therefore the interval from the sun's 
highest position in the heavens on one day, that is from one noon, to the 
highest position on the next day, that is to the next noon, is not of constant 
length. This interval is the true solar day, which thus varies in length ; 
the mecm solar day being the average of the true solar day throughout the 
year. Thus we see that this variation in the earth's velocity in its orbit 
causes the difference between these two kinds of day, or causes the difference 
between the readings of the sundial and clock. 

The ecliptic is the circle which the sun appears to describe round the 
heavens once a year. It is so called because all the eclipses of the sun 
and moon occur in it. 

The plane of the ecliptic is the plane passing through this circle, or, 
what is the same thing, it is the plane in which the orbit of the earth lies 
— for this orbit, we remember, is in one plane. 

The plane of the equator is the plane passing through the earth's equator, 
this plane being supposed to be continued outwards to the sphere of the 
heavens, which it will cut in the celestial equator. The axis of the earth 
will of course be at right angles to this plane. These two planes do not 
•coincide with one another, but are inclined to each other, the angle of 
inclination being 23^ degrees. This inclination of the two planes gives 
rise to many appearances, of which we shall speak later. 

301. Effects of Rotation and Bevolntion. — ^The daily rota- 
tion of the earth will evidently turn first one part and then 
another towards the sun. Thus we shall get the ever-recurring 
phenomenon of day and night. But we will first consider 
more particularly this rotation so far as it affects the apparent 
motions of .the stars. 

302, Daily Appearances of the Stars, — The real rotation of the earth 

round its axis causes an apparent rota- 
tion of the whole heavens round that 
axis produced. Let us consider the 
effect of the apparent rotation at dif- 
ferent parts of the earth. Imagine 
an observer at the north pole of the 
earth. Then the zenith, or point 
straight overhead, and the north pole 
of the heavens coincide, and his hori- 
zon will coincide with the celestial 
equator. The heavens will appear to 
revolve round the zenith, each star 
describing a circle parallel with the 
horizon, never rising higher or sinking 
lower, no stars rising, and none setting. 

One half of the heavens will be continuously visible, turning round once 

each dayj the other half never being visible. 
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Let us consider the appearances to an observer on the equator. C is 
the observer ; N and S the points on the horizon respectively north and 
south. £ is his zenith. The 
celestial equator is the circle pass- 
ing through E Q, being, of course, 
vertical to his horizon, and per' 
pendicular to N S, which is 
parallel to the earth's axis. The 
heavens seem to . revolve about 
this axis NS, and thus stars rise ^ 
on all parts of the eastern horizon, 
describe circles parallel to the 
equator, and set in the west. 
Every star rises in some part of 
the day, and sets twelve hours 
later^ describing a semicircle above 
the horizon, these semicircles get- 
ting smaller and smaller the farther 
the star is to the north or south. 

Let us consider the appearances to an observer who is between the 
equator and the north pole. The celestial sphere has this appearance. 
N is the north pole ; E Q the circle of the equator, intersecting the horizon 
obliquely, H O being the horizon. The heavens appear to revolve about 
an axis passing through the centre of the sphere and through N, thus being 
at right angles to the equator. All stars appear to describe circles, like 
d D, parallel to the equator. It will be noticed the stars to the north of 
the equator are above the horizon for the greater part of their path, below 
it for the smaller part. On the southern side of the equator the reverse is 
the case ; they will be above it for the smaller part, below it for the greater 
part. A star above O will describe a 
path, like P/*, such that it is never 
below the horizon, thus never rising 
nor setting. These stars are called 
circumpolar stars » Stars below H 
never appear above the horizon, and so 
are never seen. The greater part of 
the heavens are visible at some time of 
a complete day, the parts below H ^ 
being the only parts never above the 
horizon. These parts are of course 
just equal in extent to the parts above 
O, that is, the parts in which are the 
circumpolar stars which never set. 
We get similar appearances at different 
positions in both the Northern and ^^°' ^^S« 

Southern Hemispheres, the only difference being that the nearer we go 
to the equator the lower the celestial pole is, and consequently the fewer 
circumpolar stars there are, and the fewer stars which are never visible. 

The appearances of the stars, then, owing to the daily rotation of the 
earth, are different at different parts of the earth. 

(i) At the poles stars never rise or set, and the same half of the heavens 
is continuously visible. 

(2) At the equator all stars rise and set, and in one complete day the 
whole heavens have been visible. 
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(3) Between the poles and the equator we have stars which rise and 
set, circumpolar stars that never set, and stars which never rise, the parts 
of the heavens in which these last are being the only parts never visible. 

The number of circumpolar stars, and of those that never rise, increases 
as we take positions further from the equator towards either pole of the earth. 

303. Yearly Changes in the Appearances of the Stars, — If we look out 
at the same hour of the night, but at different times of the year, we shall 
find that the same stars are not visible in the same positions. We ^all 
see' this more clearly if we fix on any one star, and watch for its appearance 
on successive nights. On each succeeding night it rises some four minutes 
sooner and sets four minutes sooner than it did the night before. Thus, if in 
spring at nine o'clock it is just rising, it will be high up in the heavens at 
the same hour in summer, and in autumn it will be setting at the same hour. 
During the winter months it will be below the horizon at this hour, and we 
should have to wait for some time for it to rise. As spring comes on again 
it will rise earlier and earlier, till on the same day of the month as we first 
began observing, it will rise at nine o'clock. So it is with all the stars. 

These changes are closely connected with that change of the sun pre- 
viously mentioned, viz. that the sun appears to move eastward amongst 
the stars. Hence the stars must seem to pass westward behind the sun, 
and as our day and night depend on the light from the sun, the stars on 
each successive night will appear to be slightly to the westward of the 
position they occupied at the same hour on the previous night. Thus 
stars will rise earlier and set earlier on successive nights, the amount, viz. 
four minutes, being such that in a year's time they come back to the same 
positions at the same hours, for 365 times four minutes make up one day 
nearly. These yearly changes of course are due to the revolution of the 
earth round the sun, as we ^owed previously in considering that revolution. 

"We have only as yet considered the effects of the rotation and revolu- 
tion of the earth so far as they affect the appearances of the stars. These 
two motions have important effects on the appearances of the sun, which 
we must consider. But first we will consider the distribution of light and 
heat from the sun on the earth's surface. 

304. Distribution of Light and Heat on the Earth. — That 
half of the earth's surface which is turned towards the sun 
receives light and heat from it ; the other half is in darkness. 

The light, and especially the heat, derived from the sun at 
any place, are greatest when the sun is highest in the heavens, 
and can therefore send its rays more nearly perpendicular to 
the ground. There are two reasons for this : — 

(i) When the sun is higher the rays from it pass through less 
of the earth's atmosphere, and so less heat is absorbed by that 
atmosphere before they reach the ground. 

(2) When the sun is higher the number of rays received by 
any particular piece of ground is greater than when the sun is 
lower. 

By a figure we can show the combined effect of these 
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two causes. The rays fall vertically on the parts near C, 
obliquely on the parts B A, D E. We see that the oblique or 
slanting rays pass through more of the atmosphere than do the 
vertical rays. But especially we notice that of the equal parts 
A B, B C, C D, D E, the central ones, B C and C D, on which 
the rays fall vertically, receive more such ^ciys, and therefore 
more heat, than do the outside parts B A, D E, on which the 
rays fall obliquely. 

The second is the principal cause which makes the sun's 
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Fig. 146. 

rays of less heating effect when oblique, but both causes act 
together. (See also par. 211.) 

The amount ot heat received from the sun at a place 
depends also on the length of the day, ue, the length of time 
during which the sun shines. Moreover, the longer the sun 
shines, the shorter is the night during which the ground is losing 
heat Having explained the conditions on which the heating 
power of the sun depends, we must explain how these vary 
owing to the motions of the earth, which cause variations both in 
the length of day and night, and in the obliquity of the sun's rays. 

305. Three kindi of Day. — In ordinary language the word < day * or 
^. civil day ' means what the astronomer calls a mean solar day. This has 
been described as the average of the true solar day, which is the time 
between two successive meridian passages of the sun. (See par. 30a ) The 
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third kind of day is the sidereal day, which is the time between two succes- 
sive meridian passages of any one star. As the sun seems to move east- 
ward amongst the stars, they seem to rise about four minutes earlier each 
succeeding night, and so the sidereal day is shorter than the mean solar day 
by this amount. 

In the next paragraph the word * day * merely refers to the length of 
daylight 

306. Day and Hight, and why their Length ehanges. — The half of 
the earth which is turned towards the sun has day ; the other part, which 
cannot receive light from the sun, has night The length of the day depends 
on the time that the sun is above the horizon. But any one star remains 
above the horizon, at any particular place, for the same length of time 
throughout the year. How is it, then, that the sun is above the horizon 
much longer in summer than it is in winter ? In discussing the revolution 
of the earth we noticed a yearly change in the sun*s position in the heavens, 
which made it appear to move eastward amongst the stars. Bui the 
observer would more easily see another change in the sun's position. 
Beginning observations at midwinter, we should see that on each successive 
morning the sun rose further north ' than the morning before, and in the 
evening set further north * than it did the evening before ; moreover, at 
each succeeding midday the sun is higher in the heavens than on the pre- 
ceding day. Also on each succeeding day the sun is longer above the 
horizon, the days growing longer. This goes on till midsummer, when it 

reaches its limit, the process 
afterwards being reversed, the 
changes occurring just as gra- 
dually till midwinter is again 
reached. These variations in 
midday altitude of the sun can 
be well observed by watching 
the different lengths of the 
shadow of a vertical stick cast 
by the sun on a horizontal 
floor. A B is a vertical stick, 
pointing to the zenith Z. AC 
IS the long shadow to the west 
when the sun is in the east, 
that is in the morning. At 
noon D A is the shadow, at 
its shortest for that day. Then 
D B S is the direction of the 
sun. The shorter the midday 
shadow D A, the higher is the 
midday sun, for if D A is 
^^^' '^7- shortened, the angle B D A, 

which measures^the altitude, is increased. By thus noting the variations in 
the length of such a shadow throughout the year, we should discover the 
changes above enumerated in the altitude of the midday sun. 

In our observation of the stars we notice that the further north ' a star 
is, the longer it is above the horizon, and the further to the north * does it 




* If the observer be in the Southern Hemisphere, he must here read 
• south * instead of * north.* 
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rise and set Thus we see that the sun appears from midwinter to mid- 
summer to tia.vel further and further north ' in the heavens, and from mid- 
summer to midwinter totntvel back again. This motion of course takes 
place at the same time as its apparent slow easterly motion through the 
heavens, both motions being completed In one year's lime. 

The revolution of Ihe eaith round the sun accounts for the latter appa- 
rent motion of the sun. We must also accountfor the former. It Iscaused 
by the combined effect of the revolution round the sun, and of the inclina- 
tion of the planes of the equator and the ecliptic. We remember that these 
planes were inclined at an angle of 33^°, and hence the earth's axis, which 




is pen>endicalar to the plane of the equator, is therefore inclined at an angle 
6r66i° to (he plane of the ecliptic. 

Rememtiering that the eardi's axis does not vary its direction during the 
revolution round the sun, a figure will show these combined effects. Thus 
in figure i^ we have a representation of the earth's orbit with a figure 
of the earth in fbur different positions in its orbit, and we will consider 
the four different positions separately. The orbit is of course in the 
plane of the ecbptic N S in each case represents the axis of the earth. 




Let us first consider the position C, where N, the north pole, is towards 
the sun, and for this purpose we use aseparatefignTe(l49). In this figure, 
«/ represents a plane peipendicular to the line joining the centres of the sun 
and earth. All that part of the earth on Che side of ef nearer the sun Is 
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illumiiuted and has daylight ; all on the further side has darkness and 
night, A plane peipendicnlar to the axis is the plane of the equator E Q. 
The circle ed described on the earth passing through e, the extremity of 
the shadow, is called the Arctic Circle. We see that a place within the 
Arctic Circle never loses sight of the son, never entering the shaded half, 
during a rotation about the axis N S, so long as the earth and the sun are in 
the positions indicated by the figure. The corresponding circle fg in the 
Southern Hemisphere is such that all places within it never see the son 
during a rotation, the conditions being the same. This circle is the Aniareiit 
Cirelt. The circle t v, passing through the point c directly under the sun, 
is called the Trefic of Cancer. The corresponding circle f/ in the Southern 




Hemisphere is the Trofic of Capricorn. We have considered the effect of 
rotation at places included in the Arctic and Antarctic Circles. Betweu) 
the Arctic Circle and the equator all places will evidently see the sun for 
more than half a rotation— i.^. have a longer day than night. Between the 
Antarctic Circle and the equator the reverse will be the case, night being 
longer than day. The sun will during the course of the day pass overhead 
to all places on the circle cv. All this, we must remember, is while the 
earth is in the position when the north pole is most inclined towards the sun. 
The next figure (150) shows the earth at the opposite side of the orbit, 
where the two hemispheres are just reversed in all respects so far as light &om 
med. Thus within the Arctic Circle there is no simlighl 





during the lolation round the axis ; within the Antarctic Circle the sun is not 
lost si^t of during the rotation. Between the equator and the Arctic Circle 
night IS longer than day, and between the equator and the Antarctic Circle 
day is longer than night. 

At either of the intermediate positions the appearances are the same. 
The earth's axis is perpendicular to the line joining thecentre of theearth 
and sun, as we see by a figure ; and here we see that day and ttight are of 
the same length at all parts of the earth. These positions are called the 
equinoxes, because day and night are of equal length. The first two 
portions discussed are called the solslicis. From solstice to equinox the 
appearances above described change gradually, and so from the equinox 
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loDnd to the other solstice. Thus in the Northern Hemisphere, a.t (he liist 
solstice the sun at midday is high in the heavens, and on each succeeding 
midday gets lower and lower ; at the sajue time the day shortens and the 
night lengthens till the equinox, when [hey ace equal in length. AAei the 
equinox the sun is still lower at midday, and now the nights are longer 
than the daySg and the difference increases till Che other solstice is reached. 
Then the midday sun is at its lowest in the heavens, and on two successive 
days seems to occupy the same place — to stand still, as it were, and hence 
the name solstice. After this the changes are all gone through back again 
till the other solstice is reached, and (ben we say one year is completed. 

We notice, further, that all places within the Arctic Circle have at least 
one day in which the sun never sels, and one in which it never rises. The 
poles themselves see the sun for six months and lose il for six months. 
Within the two tropics every place has the sun overhead at least twice a 
year. This occurs on two successive days at the tropics themselves, the 
sun ri^og day allet day higher and higher, till it becomes vertical at mid- 
day, and then it seems to ' turn back ' — hence the name tropic. Outside 
the two tropics, and below the Arctic and Antarctic Circles, we have two 
zones which have appearances lying between the two last described, foe 
ihey never have a vertical sun, not a day in which the sun fails to rise or set. 

The following table shows the longest duration of sunlight — i.e. the 
longest day at different latitudes : — 



0° (Equator) 



12* o" 



60" . . . 18° 30- 

66° 33'( Arctic Circle) 24' O" 
70° . . .3 months 



The inclination of the ecliptic to the equator is 23^°, and hence the 
reader will understand that (he tropics are ajj" &om die equator, and the 
Arctic Circles 23^-° ficrm tVit . 
poles. (Tht-c nnfle. .-i.e ' 
more accumtely ^J-^?'^^"-! 
We have thus csplained the 
variations in the lengths of the 
days and righl;, which are 
caused by the inclination of 
the earth's axis, or ihe incli- 
nation of the plane of the 
equator to the plane ol the 
ecliptic, and by the revolution 
round Che sun. 

If (he obsL'i-vei could be 
stationed on tUe sun, so as to 
see the appear.mce of the earth 



. the ■ 



5showT 



would obtain the view 
in the following figuie^, sup- 
posing the lime of the day 
to be noon. The figures are 
taken from a valuable luid 
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Mr, R. A. Proctor.' This book contains forty-eight such views, showing 
the earth as supposeil ta be seen in each month of the year, not only at noon 
in England, but at six in the morning, six in the evening, and a.t midnight. 
; At the spring equbox we see that every place on the earth's surlkce goes 
straight across the disk in 
half a da;, so that day and 
night are each of twelve 
hoors' duration. At the 
summer solstice places in 
the Northern Hemisphere 
remain in view more than 
twelve hours, for the revolv- 
ing earth carries them round 
on a curved path, the curre 
being bent downwards, as 
the equator and other circles 
of latitude are seen to be. 
Places near the north pole 
would not be carried out of 
the light by the revolution, 
while places neajr the south 
Die would not be brought 
Lto light. Thus there is 
^"^ 'S3 no night at the north pole, 

and no da^ at the soilth pole n the northern summer. Countries situated 
like Britain and Norway not only enjoy the sun's light and Heat for more 
than twelve botus, but they receive the sun's rays more vertically than in 
spring, and consequently appear to the supposed spectator on the sun 
to be larger. This increased 
length of day and increased 
amount of heat that falls on a 
given sur&ce is of great im- 
portance to the climate of 
these counlries. Grain can 
be grown in the loi^ days of 
summer in places far north, 
for the low water tempera- 
ture does not affect the seed 
when it is not in the ground. 
In the northern winter this 
slate of things is exactly re- 

The Sidereal Year is the 
ime of one complete revolu- 
Lon of the earth in lis orbit, 
time taken by Ihe sun 
le round to the same 
3int in the heavens again, 
The tropkalyeca- is the time 
., and its length is 36j-z42r 
ar containing a fraction of a 




and its length is 365 '256 mean solar days, 
from one vema! or spring equinox to the ni 
mean solar days. For ordinary purposes, a 
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than a tropical year, 
the tropical year, to always 
therefore we tiy to bring these 
two years into agreement. 

The difference amounts to 
nearly a quarter of a day, 
hence every four years we 
have a leap-year, containing 
366 days, the ordinary years 
containing 365 days. But the 
difference is not quite a 
quarter of a day, and hence 
in 400 years we omit three of 
such leap-years, and make 
these oninaiy years of 365 
days. This makes the aver, 
age lengtli of the year almost 
exactly what il should be, viz. 
365'242l days. Therefore 
every year has 365 days, 
except every fourth yeat, 
which is such that its number ' 

is divisible by four, and this has 366 days except 

are divi^ble by 400 have only 365 days. Thu 1004 1004 1040 were 
leap-years, and so were 1600, IZOO, 800, but iSoo, 1700, nere not, and 
1900 will not be a leap-year. 

307. The Seaaoni. — Rememberii^ how the effect of the 
sun's heat on any part of the earth's surface depends on its 
height in the heavens, and the length of time it shines, and 
remembering also the explanation of the different lengths of 
night and day, we shall easily explain the succession of the 




in those years which 



Considering either hemisphere, say the northern, we take 
the position of the earth at that solstice when the north pole is 
most turned towards the sua. There are now long days and 
short ni^ts, and the sun is higher in the heavens at midday, 
and thus for both reasons it is warm in this hemisphere ; in ia.ct, 
it is midsummer. Summer lasts until the earth reaches the 
equinox, nights and days being now equal, and autumn begins. 
Autumn lasts till the other solstice is reached. Then it is 
midwinter, being cold, for nights are at their longest, days being 
shortest, and the midday sun is at its lowest Winter lasts tiU 
the next equinox, and then it is spring. Spring lasts from this 
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equinox to the summer solstice. As the Northern and Southern 
Hemispheres are reciprocal in the lengths of their days and 
nights we see that the seasons will be reciprocal. Thus when it is 
summer in the Northern Hemisphere it is winter in the Southern. 
When spring in the Northern it is autumn in the Southern, and 
vice versA, 

We may notice that between the two tropics the midday 
sun is always very high in the heavens, and the nights are 
never much longer than twelve hours ; thus it is always hot 
there— a perpetual summer — and this zone or belt of land is 
therefore called the Torrid Zone. At places included in the 
Arctic and Antarctic Circles the sun never rises high, and 
though this in summer is somewhat compensated for by the 
long days, still it is always cold there — a perpetual winter — 
and hence the zones are called respectively the North and 
South Frigid Zones, Between the North Frigid Zone and 
Torrid Zone we have the North Temperate Zone^ and 
between the South Frigid Zone and Torrid Zone we have the 
South Temperate Zone. In these Temperate Zones the 
winters are neither very cold nor the summers very hot ; 
hence their names. And it is in these zones that the seasonal 
changes are most marked. 

We annex a figure showing different positions of the earth 
in its orbit as seen in a bird's-eye view, thus illustrating the 
change of seasons throughout a year. The figure is drawn for 
the Northern Hemisphere, the figure for the Southern being 
similar, the seasons being reciprocal to the former. It will be 
instructive for the pupil to begin at the bottom of the figure, 
where the earth is seen in the position it occupies about 
March 21 (when both poles are equally distant from the sun)^ 
and to follow the earth through its monthly changes, noticing 
the boundary of the enlightened hemisphere in the successive 
periods as the earth revolves on its axis, and at the same time 
makes its yearly revolution round the sun. 

It will be noticed that the winter solstice occurs very near 
the perihelion, and the summer solstice near the aphelion ; 
thus, in the winter of the Northern Hemisphere the earth', is 
nearest the sun, and in summer furthest from the sun. For 
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the Southern Hemisphere the earth then is nearest in summer 
and furthest away in winter. As it is warmer the nearer we 
are to the sun, the southern summer will be slightly hotter than 
the northern one, and the southern winter slightly colder than 
the northern one. This difference of distance is small, and 
hence the difference in climate is small, and may, moreover, be 
masked by local causes, as the prevalence of hot or cold winds 
and ocean currents. The different months are marked in 
the figure, and we see winter lasts during January, February, 
March ; spring during April, May, June ; summer during July, 
August, September ; and autumn during October, November, 
December. The exact durations of the seasons we get by 
kQOwing the dates of the equinoxes and solstices. 

(We remember that perihelion occurs January i, and 
aphelion on July i.) 

The Vernal or Spring Equinox is on March 21, and Spring begins. 
The Summer Solstice is on June 22, and Summer begins. 
The Autumnal Equinox is on September 23, and Autumn begins. 
The Winter Solstice is on Decepnber 22, and Winter begins. 

308. Summary of fhe Effects of Botation and Eevolution. 

Rotation causes the risings and settings and daily apparent 
motions of the sun and stars, and thus causes day and night. 

Reiwlution causes the sun to appear to move eastward 
amongst the stars, and thus stars rise earlier on siuccessive 
nights. 

Revolution and the inclination of the planes of the equator 
and ecliptic cause the difference in length of the days and 
nights, and difference in height of the midday sun, a^nd thus 
cause the succession of the seasons. 

Rotation gives us the length of the day; revolution the 
length of the year. 
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SYLLABUS. 

SUBJECT XXIIL— PHYSIOGRAPHY, 

First Stage, or £lemezi1>ary Course. 

Matter and Ettergy, — Elementary ideas of the various conditions of 
matter as regards stress, motion, and energy, embracing heated states, 
electric and magnetic states, cohesion, and gravitation. 

Elementary Notions of Chemical Action. — The formation of binary 
compounds. Breaking up of compound matter into simpler forms. The 
chemical elements. 

Watery its composition and different states. 

Chemical and Physical Characters of the Crust of the Earth. — The 
chemical elements of which the crust is chiefly composed. The most 
abundant binary compounds occurring in mineral bodies. Difference 
between crystalline and non-crystalline substances. The common rock- 
forming minerals. Granitic rocks and volcanic products— lavas, scoriae, 
pumice, and dust. Sedimentary rocks. Conglomerates, sandstones, 
shales, and clays. Rocks of organic origin and their chemical composi- 
tion. Chalk, coral rock, and other limestones. Peat and coal. Altered 
rocks — slates, schists, gneiss. Nature and origin of soils. 

Interned terrestrial Phenomena, — Observations indicating an increased 
temperature in the interior of the earth. Volcanic phenomena and distri- 
bution of volcanoes. Earthquakes and slow upheavals or subsidences of 
the earth's crust. 

The »SVa.— Salts dissolved in sea water, depth and form of sea bottom, 
remarkable inequalities. Distribution of temperature and density. 

Phenomena of Arctic and Antarctic regions. Floes, pack-ice, icebergs, 
&c. Action of the sea upon the earth's crust. 

Influence of the sea in the distribution of climate. 

The Atmosphere. — Height and composition ; atmospheric pressure ; use 
of the barometer. Distribution of temperature, horizontal and vertical. 
Use of the thermometer. 

Evaporation and condensation. Aqueous vapour, rainfall, ice, and 
snow. Regions of extreme dryness and of great rainfalls. 

Land and sea breezes. General conditions of climate. 

Action of rain, springs, rivers, and glaciers upon the earth's crust. 

General ideas of the changes which the earth's surface has undergone 
in the past. 

Terrestrial Electricity and Magnetism. — Elementary notions as to tl 

R . 
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indications and effects of terrestrial electricity and magnetism. Thunder- 
storms ; aurora ; the mariner's compass. 

The Movements of the Earth and their Results, — Methods of measuring 
angular space and time. Proofs of rotation and revolution. The earth's 
orbit. The plane of the ecliptic and plane of the equator. Effects of 
rotation and revolution. The distribution of light and heat on the earth's 
surface. Day and night. The year. The seasons. 



The following list of apparatus, &c., is considered by the Department 
to be indispensable for the efficient teaching of Physiography : — 

Maximum, minimum, and black bulb thermometers. Barometer. 
Rain gauge. Ordnance survey map of district, showing contour lines. 
Terrestrial globe, not less than twelve inches diameter. Geological map 
of the British Isles. Apparatus for simple experiments in chemistry and 
magnetism. 



EXAMINATION PAPERS. 
First Stage, or Elementary Examination. 

You aj-e permitted to attempt only eight questions. 

The first three questions must be ATTEMPTED by you ^ and you are 
then at liberty to select five others from among the remaining questiofts on 
the paper. 

The value attached to each qtustion is indicated by the numbers in 
brackets. 

1884. 

1. What chemical elements are found in pure water? What is the 
nature of those elements ? In what proportion do they exist in water, and 
in what way may these elements be made to combine? (15) 

2. What is a glacier ? Where do its materials come frpm ? What 
becomes of its materials ? (15) 

3. Of what are volcanoes composed ? Why have they usually a conical 
shape? How have their * craters' been formed ? (15) 

4. Under what conditions may ice be formed at the bottom of a piece 
of water ? (11) 

5. Explain the causes of the difference of climate on the east and west 
coasts of Great Britain. ( 1 1 ) 

6. How are the direction and force of the wind measured ? ( 1 1 ) 

7. Draw a sketch map of Africa, inserting on it the chief mountains, 
rivers, and lakes. (N. B. — Names must be given. ) ( j i ) 

8. Describe the mariner's compass. ( 1 1 ) 

9. Give the names of six of the most common minerals which occur in 
igneous rocks. ( 1 1 ) 

10. \Miat .is silica ? WTiat name is given to silica in its crystallised 
form? With what substances is silica found combined in the earth's 
crust ? ^ (11) 

1 1. \Miy is the heat so great in the equatorial regions of the globe ? 

(II) 
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12. Give the names of the chemical elements which make up the 
greater portion of plants and animals. What compound bodies are most 
commonly given off during the decay of animal and vegetable substances ? 

1885. 

1. What are the chemical elements which exist in pure air? In what 
proportion are these elements present, and in what state do they exist ? 
What are the other substances usually present in the atmosphere, and what 
is the chemical composition of those substances ? (15) 

2. Draw sketches of a mercurial thermometer and of a mercurial baro- 
meter, putting the name against each sketch. Explain why the mercury 
rises and falls in the thermometer, and why the mercury rises and falls in 
the barometer. (15) 

3. Explain the manner in which land breezes and sea breezes are 
produced. (15) 

4. How is a raindrop formed ? ( 1 1 ) 

5. What are deltas, and how are they formed ? ( 1 1 ) 

6. How are conglomerates formed ? (11) 

7. State what you know concerning the difference in chemical com- 
position between peat and coal. ( 1 1 ) 

8. In what way has the temperature of the deep-seated rocks of the 
earth's crust been determined ? ( 1 1 ) 

9. What is meant by * glacial striation,' and how is it produced ? (11) 

10. Describe an iceberg, and state how icebergs are formed. (11) 

11. Why are the days and nights of different lengths in summer and 
winter ? (11) 

12. What do you know concerning the animals which inhabit the 
deepest parts of the ocean ? (11) 

1886. 

1. Name the two chemical elements which are found in the greatest 
abundance in the earth's crust. State the nature of these elements, and 
the condition in which they occur. Name five other elements which also 
occur very abundantly in minerals and rocks. (15) 

2. State the chief differences in the properties of water in its solid, 
liquid, and gaseous states. Under what conditions are these several states 
assumed by water ? (15) 

3. How has it been proved that some parts of the land of the globe 
have undergone elevation in recent times? (15) 

4. What are the chief substances present in the atmosphere in addition 
to oxygen and nitrogen, and in what proportions do these additional 
substances occur ? (11) 

5. How do the waters of springs, rivers, and the sea differ from pure 
water ? (11) 

6. In what way is carbonate of lime separated from a state of solution 
in waters to form the substance of limestone rocks ? ( ii ) 

7. Explain the action of frost in breaking up rock -masses. Where 
does this kind of action go on most rapidly ? (11) 

8. What is a volcanic dyke? what is it like? and how is it formed ?(ii) 

9. What is a maximum and minimum thermometer, and for what pur- 
poses is it used ? Describe any form of the instrument with which you are 
acquainted. (ii) 
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10. State what you know concerning the form and composition of a 
crystal of quartz. ( 1 1 ) 

11. Why, in this country, does the sun appear so much higher in the 
sky at noon in summer than it does in winter ? ( ii ) 

12. Of what chemical elements are plants chiefly composed, and how 
does coal differ in composition from the plants from which it was formed ? 

(II) 
1887. 

You are permitted to attempt only EIGHT qtiestions. 
The value attacJied to each question is itidicated by the numbers in 
brackets. 

1. Name four binary compounds of common occurrence, and state the 
elements of which each is composed. (15) 

2. What are the chemical elements present in pure air and pure water 
respectively ? In what proportions are these elements present in each 
case ? What is the difference between the condition in which the elements 
exist in air and water respectively ? (i5) 

3. State what you know concerning the difference of pressure in the 
atmosphere at different heights above the earth's surface. What is the 
cause of this difference ? (15) 

4. Define energy and stress. (11) 

5. Why is mercury used in thermometers ? ( 1 1 ) 

6. State what you know concerning the variation in the length of the 
day and night in different parts of the world at different times of the year. 

(II) 

7. What are the chief substances present in solution in the waters of 
the ocean, and whence are they derived ? (11) 

8. What are snowflakes, and how are they formed ? (11) 

9. Explain how glaciers and rivers respectively carry materials from 
high grounds to lower ones. ( 1 1 ) 

10. What is a lava stream ? Of what does it consist, and how does it 
behave? (11) 

11. Into what simpler compounds can a piece of pure limestone be 
split up, and by what means ? ( 1 1 ) 

12. Under what conditions is a country likely to have an abundant 
rainfall? (li) 
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Aberration of light, 299 

Abysmal deposits, 187 

Acidic rocks, 142 

Action of sea on rocks, 186 

Active volcano, 157 

Adhesion, 28 

Air, temperature of, 211 ; 

thermometer, 50 
Alabaster, 98 
Alcohol thermometer, 50 
Alluvium, 235 
Ammonites, 265 
Analysis of water, 76 
Angles, measurement of, 290 
Angular measurement, use of, 

291 
Antarctic icebergs, 196; ocean, 

195 ; temperatures, 197 
Anticlinal curves, 152 
Aphelion, 300 
Aqueous rocks, no, 112 
Arctic ocean, 189 
Artesian wells, 240 
Atmosphere, 198 ; action of, 

230 ;^ composition of, 199 ; 

density and pressure of, at 

different heights, 205 ; 

height of, 201 ; pressure of, 

202 
Atom, 27 

Aurora Borealis, 289 
Auroras, 289 
Axis of the earth, 295 
Azimuth, 291 



Bar, 236 

Barometer, 202 ; advantages 
of mercury for, 204; aneroid, 
203 ; I onstruction of, 203 ; 
corrections of, 210 : glyce- 
rine, 204 ; height of, 207 ; 
water, 204 

Barometric gradient, 256 ; 
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pressure, variations of, 206 ; 
variations, relations of, to 
the state of the weather, 209 

Barytes, 99 

Basalt, 139 

Basic rocks, 142 

Basin, catchment, 232 

Belemnites, 265 

Black bulb thermometer, 53 

Boulder, 251 

Boyle's law, 36 

Brashj 194 

Breccia, 116 

Breezes, land, 215 ; sea, 215 

Brine springs, 241 



Calcareous springs, 241 

Calcite, 95 

Calcium carbonate, 88, 95 

Caloric, 45 

Cafion, 233 

Carbon, 77 ; dioxide, 78 

Cardinal points 277 

Catchment basin, 232 

Caverns, limestone, 132 

Celestial sphere, 296 

Centigrade thermometer, 49 

Chalk, 105 

Chalybeate springs, 241 

Chemical action, modes of, 
82 ; affinity, 26 ; combina- 
tion, laws of, 81 ; formula:, 
70 ; symbols, 70 

Chemically formed rocks, 115, 

.131 
Circle, graduated, 290 
Circumpolar stars, 302 
Cimi.% 220 

Classification of elements, 71 
Clay, 118 
Cleavage, 148 
Climate, 257-262 ; changes of, 

267 ; ^ continental, 260 ; 

oceanic, 260; insular, 260 
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Clouds, 220 

Coal, 104, 130; composition 

of, 130 
Cohesion, 24, 25 
Col, 234 
Combustion, 74 
Compound, 69 ; binarj', 69 ; 

ternary, 69 
Compounds, 79 
Condensation, 62, 217 
Conduction, 65, 67 
Conglomerate, 116 
Conservation of energy, 42 
Contour lines, 255 
Contraction of gases, 59 
Convection, 65, 68 
Coral, 107 
Coral reefs, 125 ; formation of, 

126 
Crater, 164 
Crevasses, 247, 253 
Crinoidal limestone, 106 
Crust, 84 ; earth's, section of, 

264 ; action of sea on, 186 ; 

elements in, 102 ; minerals 

in, 102 
Crystalline rocks, 114 
Crystallisation, 30, 31 
Cumulo-cirro-stratus, 220 
Cumulus, 220 



Darwin, 127 

Day, longest, at different lati- 
tudes, 306 

Day and night, length of, 306 

Days, different kinds of, 305 

Dead Sea, 133 

Debris, 229 

Decay, 74, 78 

Declination, 275 

Degree, 290 

Delta formation, 236 ; lacus- 
trine, 236 

Deltas, examples of, 236 
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DEN 

Density, 14; of earth, 154 
Denudation, 153, 229 ; general 

results of, 254 
Detritus, 229 
Dew, 218 
Dew-point, 218 
Diamond, loi 
Diatom ooze, 187 
Diatoms, 177 
Dip, 276 ; springs, 238 
Disintegration, 186, 229 
Distillation, 22, 217. 
Divisibility, 8 
Drift ice, 190 
Dolomite, 97 
Dormant volcano, 157 
Dredging, 179 
Ductility, 34 
Dykes, 136, 138, 254 



Earth, a great magnet, 274 ; 
a sphere, 294 ; axis of, 295 ; 
interior not fluid, 156 ; in- 
ternal temperature of, 155 ; 
primitive condition of, 263 ; 
rotation of, 296 ; revolution 
of, 297 ; proofs of, 299 ; 
size and shape of, 294 ; sun 
views of, 306 

Earthquakes, 168 ; causes of, 
170 ; distribution of, 169 ; 
effects of, 171 

Earth's crust, section of, 264 ; 
magnetic elements, 276 ; or- 
bit, 3[oo 

Ebullition, 61 

Ecliptic, 300 : plane of, 300 

Elasticity, 35 ; of gases, 36 _ 

Electrical excitation, 279 ; in- 
duction, 282 ; machines, 283 

Electricity, 278 ; atmospheric, 
284 ; conductors and non- 
conductors of, 281 ; current 

or voltaic, 287 ; effects 

of, 288 ; kinds of, 280 

Electrolysis, 288 

Electro-magnet, 288 

Elements, ^ ; number of, 71 ; 
in earth's crust, 102 

Elevation, 172, 173 

Encrinital limestone, 106 

Energy, 39 ; examples of, 41 

Equator, 295 ; plane of, 300 

Equinoxes, 307 

Erosion, 229 ; of rocks by gla- 
ciers, 249 

Ether, 45 

Evaporation, 11, 61, 216 

Expansion, 54 ; of gases, 59 ; 
of liquids, 56 ; of solids, 55 

Extension, 6 

Extinct forms of life, 266 

Extinct volcano, 157 



Fahrenheit's thermometer, 
49 
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Felsite, 141 
Felspar, 88, 93 
Felstone, 141 
Ferru^nous springs, 241 
Filtration, 9, 10 
Fim, 246 
Fissures, 247 
Flint, 92 
Floebergs, 194 
Floes, 190, 194 
Fogs, 219 
Foraminifera, 105 
Force, 14 
Fossils, 265 



Gases, 29 

Geysers, 2^5 

Glacial period, 266, 267 

Glaciferes, 252 

Glacier-mills, 249 ; table, 248 ; 

waters, ^50 
Glaciers, 2^6, 253 ; ancient, 

251 ; erosion of rocks by, 

249 ; motion of, 247 ; size of, 

247 
Globigenna ooze, 187, 188 
Gneiss, 149 
Gorges, 233 
Gradient, 255 ; barometric, 

256 
Graduated circle, 290 
Granite, 88 
Gravitation, 12, 14, 15, 16, 17, 

18, 20, 21 
Gulf stream, 183 
Gypsum, 98, 134 
Gyroscope, 296 



Hachures, 255 

Hail, 227 

Hardness, 37 ; scale of, 38 

Heat, 44, 45 ; distribution on 
the earth of, 304 ; sources 
of, 46 ; and work, 47 

Hoar frost, 218 

Hydrogen, 75 

Hygrometers, 200 



Ice, barrier, 195 ; bay, 194 ; 
calf, 194; drift, 190; ground, 
58 ; marine, 190, 192 ; pack, 
190, 194 ; pancake, 194 ; 
sailing, 194 

Icebergs, 193 ; Antarctic, 196 

Ice-blink, 190 

Ice-foot, 191 

Ice-field, 190, 194 

Ichthyosaurus, 265 

Igneous rocks, 112, 136; clas- 
sification of, 143 

Impenetrability, 7 

Inclination, 276 

Inertia, 12 

Intermittent springs, 243 



MUR 

Internal temperature of th; 

earth, 155 
Isobars, 208 
Isoclinic lines, 276 
Isogonal lines, 275 
Isotherms, 213 



Kinetic energy, 40 
Krakatoa, eruption, x6o 

Lacustrine delta, 236 

Land breezes, 2x5 

Landslips, 244 

Lapilli, 160 

Latent heat, 60 

Latitude, 295 

Latitudes, high, 213 ; low, 
213 

Lava, 137, 138 ; streams, 161 

Light, aberration of, 299 ; dis- 
tribution on the earth oC 

304 
Lightning, 284 

Limestone, 96, 105, 123, 145 

Liquids, 29 

Loam, X20 

Lodestone, 268 

Longitude, 295 

Longitudinal valleys, 234 



Magnet, permanent, 272 ; 
temporary, 272 

Magnetic needles, 270 ; in- 
duction, 272 

Magnets and magnetic sub- 
stances, 273 ; natural and 
artificial, 268 ; poles and 
neutral lines of, 269 

Malleability, 33 

Marble, 96, 124, 145 

Mariner's compass, 277 

Marl, 121 

Mass, 14 

Mattes, definition of, 4 

Maximum thermometer, 51 

Mean solar day, 292, 300, 305 : 
temperatures, 212 

Measurement of angles, 290; 
of time, 292 

Mercury thermometer, 50 

Meridians, 295 

Metallic elements, 71 ; veins, 

90 
Metamorphic rocks, 113, 144 

Mica, 94 

Mineral springs, 241 

Minerals, 89 

Minimum thermometer, 51 

Minute, 290 

Mist, 219 

Mixtures, 79 

Molecule, 27 

Moraines, 248, 249, 253 

Moulins, 249 

Murray on coral reefs, 128 
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